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Engineering Aspects of the New G-E PR-30 “Mascot” 
Photoelectric Exposure Meter 


Allen Stimson, APSA* 


fe SMALL size and light weight of the General 
Electric Mascot meter are made possible by the use of an 
instrument mechanism that ts radically different from 
the mechanism of conventional photoelectric exposure 


Fig. 1. In a conventional d-c electrical instrument, 
shown at the left, the poles of the permanent magnet 
surround the moving coil. In the Mascot instrument 
mechanism, shown at the right, the permanent magnet is 
small in size and located entirely within the moving coil. 


meters. In Figure 1 is shown a conventional instru- 
ment mechanism in which the wire-wound armature 
coil is surrounded by a large C-shaped magnet. This 
magnet generates magnetic flux throughout its entire 
length, and as a result, leakage flux spews into all the 
surrounding space. Only about 15% of the total flux 
is useful in operating the instrument. 

The inefficiency of conventional instrument magnets 
has been a source of concern to designers for many years 
Due to the development of greatly improved magnetic 
materials it has been possible to increase the efficiency 
by 300%. If the mechanism shown at the left in Figure 1 
is turned inside out, the arrangement shown at the right 
results. In this newer design the magnet is entirely 
within the moving coil, much of the leakage flux threads 
the coil and is effective in operating the instrument 
Instead of having a soft iron core to complete the mag- 
netic circuit, a soft iron ring is provided around the 
periphery. An unexpected je Bad of this construc- 
tion is self-shielding of the instrument. The meter, 
therefore, does not produce any significant stray field 

With this arrangement the efficiency is increased by 
3 fold and only '/. of the amount of magnetic material 


* General Electric Company Meter and Instrument Department, 


West Lynn, Massachusetts. Presented at the PSA Nationa 
Detroit, Michigan, 13 October, 1951. Received 14 April, 
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Conven- 


is used. The compact arrangement of the instrument 
makes possible a commensurate reduction in the over- 
all size of the exposure meter. The magnet saves about 
2 ounces of weight, and the smaller size case needed to 
house it saves an additional 2 ounces. For this reason, 
the Mascot exposure meter weighs only a little over 2 
ounces compared to 6 or 7 ounces for conventional ex- 


posure meters 


The Instrument Mechanism 


In Figure 2 is shown the cross sectional view of the 
Mascot instrument taken in a plane through the 0 po 
and the moving coil. The moving coil is mounted on 
pivots in jewel bearings. The internal control springs 
conduct the current from the cell to the moving coil, 
and also, provide the restoring torque of the instrument. 
It is largely the strength of the control springs which 
determines the sturdiness of the instrument. If relatively 
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Fig. 2. Cross section of the Mascot instrument show- 


ing the control springs which conduct current to the 
moving coil and also provide the restoring torque. 





THE COVER PICTURE shows the use of edge-lighted 

laboratory recor photo- 
graphs at Procter and Gamble Company, Cincinnati to 
show the relative turbidity of different soap and deter- 
gent solutions. 
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Fig. 3. Jewel suspension for the moving coil showing 
the method of holding and adjusting the bearings. 

weak control were to be used the instrument 
be quite sensitive because the moving coil does 
not meet such opposition. However, the friction of the 
bearings would then be large compared to the control 
and any injury to the bearings might 
trors in accuracy of indication. On the 
f the control springs are relatively strong, 

on torque of the bearings may be almost negli- 
and the instrument will continue to perform accu 
regardless of rough handling. Instruments having 
springs, therefore, are exceptionally 


y though at some small sacrifice of sensitivity 


springs 
woul { 


spring torque, 
ausc scTious 


ther hand 


mg control 
The method of holding and adjusting the bearings in 
the Mascot meter is also novel. In Figure 3 
s shown a cross section of the instrument taken trans 
across the magnet and the coil. The jewels are 
The distance 
controlled by the jewel 
Due to the leverage arrangement, the jewel moves half 
as tarasthea 


. xs posure 


versely 


shown supported in a C-shaped bracket 


tween the jewels ts screw 


ljusting screw This contributes to greater 
setting the jewels and provides security of 


ision in 


The Photosensitive Cell 

The primary detector of the exposure meter ts the 
Photovoltaic cells have a relatively 
high quantum efficiency The quantum efficiency of the 
G-E photocell is 0.5 This compares with the maxi- 
mum obtainable in a primary photoelectric process of 
1.0. The quantum efhciency of 0.5 means that 

nly two quanta or photons of light are required to 
k out cach electron of electricity. One footcandle 
ight 1s produced by 4,000,000,000,000,000 

photons per second per sq. ft. This would produce 
2,000,000,000,000,000 electrons per second which is 
milliampere. If the thermal 

thciency of the cell were 100°) the photovoltaic cell 
give MA per sq. ft. per footcandle 
The overall thermal efficiency, however, is only about 
30, While this does not sound very high compared to 
20°), for a steam-clectric plant, it is exceptionally high 
for direct radiation to electric current 
Compared to a common thermocouple has a 
thermal eth a fraction of 1° If the thermal 
ciency of phorovoltai could be increased to 
10°) or 15°), they could become important sources of 


power for industry 


photovoltaic cell 
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These photovoltaic cells are made by a multiplicity of 
operations carried out in a high vacuum in which the 
materials are added layer upon layer of molecular thick- 
The manufacture of these cells is one of the most 
closely controlled and one of the most critical of proc- 
esses used in industry. The cells are sealed with a trans- 
parent plastic coating to protect them from moisture 
and injurious fumes, such as sulphur. The cells are 
pre-aged at 75C for many hours. Because of this treat- 
ment, exposures to abnor mal temperatures in the course 
of ordinary use do not have any permanent effect upon 
the accuracy of the exposure meters 


ness 


The Meter in Use 


The G-E PR-30 Mascot meter has been designed in 
accordance with American Standard for General-Purpose 
Photographic Exposure Meters (Photoelectric Type 
Z38.2.6-1948 with respect to accuracy, performance, 
and quality. The meter scale is very simple in ap- 
pearance It shows (Figure 4) only a scale of £/ numbers 


Fig. 4. The new G. E. Mascot Exposure Meter owes 
its extremely small size to an unusual construction of 
the instrument mechanism. 


and a single number denoting film exposure index for 
that scale. Four of these scales are provided but only 
one appears in the window at one time. To select a 
new scale for use with a film of different sensitivity, a 
knob on the front of the meter is turned until the desired 
scale appears 

When the exposure index of the film in the camera is 
the same as the scale number, the instrument pointer 
gives the correct f{/number for a shutter speed of 1/25 
second or 16 frames per second. Values not shown on 
the scales may easily be obtained by interpolation. For 
example, if the photographer carries two cameras, one 
loaded with color film and the other with moderately 
high speed panchromatic film, the scale marked 10 can 
be used for both cameras. The shutter of the color 
camera can be set at 1/25 second and the shutter of the 
other camera at ' By use of the simple com- 
puter dial attached to the instruction card, the meter 
can be used with most common shutter and film com 
binations. 


oo second 
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Technique for Evaluation of Color Reproduction of Color 
Negative Monopacks 


J. B. Taylor* 


I HE QUALITY of color reproduction in a negative 


positive color process is dependent upon many factors 
sensitization, dye absorption, interlayer filtration, rel- 
ative layer speeds and the contrast of both the negative 
and positive images. Changes in the system can be 
evaluated mathematically or by direct comparison, re- 
quiring matched test and reference coatings. These 
methods are costly and time consuming and, in addition, 
undesirable interactions may make accurate evaluation 
dificult. Im the search for a system of analysis that 
would not only minimize these shortcomings, but also 
yield reliable quantitative results, the so-called Single 
Layer Technique was evolved. This technique is dis 
cussed in its application to color negative integral tri- 
pack material 


The Single Layer Technique 


In brief, the Single Layer Technique is a method for 
simulating camera exposure of a cole integral tripack 
by construction of a synthetic tripack (Figure 1) with 
three separate dye image layers, each coated on its own 
support. Each layer is given separate exposure through 
appropriate filters, developed, then superimposed in 
register and printed as a tcipack on a suitable print ma- 
terial. The procedure can be described in the following 
detailed steps 


1. Selection of a suitable subject. Color charts 
reflect a large amount of white light which dilutes 
saturated colors and makes accurate comparisons 
dificult. Therefore, a system of direct transmission 
of the color densities was selected. A 5x7 master 
platen was prepared containing a calibrated silver 
step wedge and a set of six selected color patches 
yellow, magenta, cyan, blue, green and red The 
5x7 size was selected because it offered ease of process- 
ing and simplicity of registration, yet gave sufficient 
image size to permit visual evaluation as well as 
color densitometer and spectro-photometer readings 
The entire area around the patches and wedge was 
masked with opaque tape to provide in the print a 
dark “‘surround’’ for greater case in observing the 
positive film color patch reproductions. The nega- 
tive-positive system should record accurately a den- 
sity range of 1.5 (a brightness range of 32:1). The 
color patch densities were therefore modified by 
adding color compensating filters and silver neutral 
density where needed so their maximum and mini- 
mum transmittance fell within this range (.60-2.10 
density 


* Ansco Division of General Aniline and Film € orporation, Bingham 
ron, New York. Presented at the PSA National Convention, Detroir, 
Michigan 13 October 1951. Received 29 January 1952 
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2. Negative material was obtained consisting 


of Ansco Color Negative Type 843 single layer coat- 
ings on clear base with anti-halo backing. The 
basic sensitivities of these negative layers are shown 
in Figure 2, together with the sensitivities of a three 
layer integral tripack that includes its filter 

3. The method of exposure is shown in Figure 3. 
An enlarger was used as a light source. The single 
layers were contact printed through the appropriate 
interlayer filters which were placed either between 
the film and the platen or next to the light source 
(To retain simplicity of exposure it was necessary 
to disregard certain optica] and photographic effects 
encountered in integral tripack materials where 
layers are in optical contact.) 


Layer arrangement of a typical integral tripack 
(left) compared to a simulated tripack (right). 


4. The exposed material was then developed ac- 
cording to standard procedures for Ansco Color 
Negative Type 843. 

5. By adjusting both exposure and development, 
sensitometrically matched simulated tripacks were 
made with layers of equal speed and contrast as read 
on a color densitometer hese tripacks were then 
superimposed and punched in a registration easel. 

6. From these tripacks, contact prints with 
matched grey scales were made on Ansco Color 
motion picture positive Type 848 processed according 
to standard procedure. The light source of the prin- 
ter oad al a set of sharpcutting tri-color separa- 
tion filters. (Wratten #29-Red; #61 + #15-Green; 
and #49-Blue.) This ‘‘additive’’ method of color 
printing was used to keep color degradation to 
a minimum 





S'NGLE LAYER 
SENSITIVITIES 


Application of the Technique 


This technique has been applied to many of the funda- 
mental problems of color reproduction in the negative- 
positive system such as 


1. The effect of yellow filter hue and density 

2. The effect of shifting the sensitivity of 
one or more negative layers 

3. Comparisons of magenta image dyes with dif- 
fering blue absorptions 

4. Comparisons of cyan components ranging in 
hue from bluish-cyan to greenish-cyan 

5. The effect of changing relative speeds and con- 
trast of negative layers 

6. Evaluation of dye and silver masking 

wo ™ 


2. Basic blue, green and red sensitivities of negative 
single layers used in synthetic tripack construction com- 
pared to those of a typical color negative integral tripack 


with its yellow interlayer filter MAGENTA DYES 


Obtaining Quantitative Data 


Where differences in results were large, visual inter- 
pretation usually sufficed but where quantitative evalu- 
ation of the original patches and their print repro- 
luction was necessary, the following procedure was 
applied 

1. Spectrophotometric curves of the transmit- 
tance of the original and reproduced color patches 
were obtained by use of a G.E Spectrophotometer 

2 These curves were scanned on a special Tristim- - 
ulus Integrator 300 

3. The data derived was converted to *‘x"’ and 


y'’ values and located on L.C.1. Chromaticity Dia- 





- $00 re 700 me 

4. Spectrophotometric absorption curves of two 
magenta layer dyes used in testing the effect of dye “ pur- 
grams ity” on color print quality 

4. Further integrator data afforded a relative 
brightness valuc 


Use in Magenta Component Evaluation 


The Single Layer Technique was applied to the evalua- 

Ue IN ENLARGER tion of the quality of color reproduction obtained from 

two tripacks matching in layer speed and contrast but 

with different magenta image dyes. The spectrophoto- 

metric absorption characteristics of the two magenta 

dyes are shown in Figure 4. Dye M-1l has a greater 

blue absorption and more red absorption than dye M-2 

To determine the effect of this absorption difference on 

the color quality of the print, pesidl availa layer coat- 

+7 MASTER PLATEN ings were prepared containing the two dyes to be tested 

\ pair of matched synthetic tripacks were prepared and a 

NTERLAYER SEPARATION FILTER/S matched print made from cach. Comparative color 

quality is shown in the [.C.I. Chromaticity Diagram, 

cneat Laven @ Ok Gebeeen Figure 5. The print from the tripack containing dye 

PSS M-2 showed a significant increase in yellow saturation, 

KASSSSSSSSSY Paint FRAME a blue that was less magenta in hue, and a green repro- 

). Ruploded iliuewetien showlag the method of en- duction that was less cyan in hue. The supplementary 

posing single layer material. This system affords easily table shows relative brightness values indicating a lighter 
varied light output blue and red and a denser yellow 


Owveesion FuTEe 
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ic} 
CROMATICITY 
DIAGRAM 


5. A method of evaluating color print quality. The 
Relative Brightness value in percent may be obtained 
from the table at the left of the diagram. Higher % 
indicates greater brightness of the color. This diagram 
illustrates the difference in color quality resulting from 
tripacks using the magenta dyes in Fig. 4 


[he reason for this improvement in color quality cat 
be found in a brief analysis of the individual monolayers 
used in making up the matched tripacks. Figure ¢ 
shows sensitometric curves of both the analytical den 
sities of the monolayers and the integral densities of 
this tripack containing dye M-1, 1.c., the red, green and 
blue densities red with the three monolayers superim 
posed The analytical densities show the yellow layer 
noticeably lower in contrast than the other two layers 
and the magenta layer slightly lower than the cyan 
layer Because the magenta dye, and to a lesser extent 
the cyan dye absorbed some of the blue light passing 
through the finished negative, it was necessary to lower 
the yellow layer contrast so that the total blue density 





6. Color densitometry of a synthetic tripack showing 
the effect of reading the color density of each layer sepa 
rately (Analytical Density) as compared to the effect of 
reading the color density of the same layers when 
superimposed (Integral Density). Note the low yellow 
layer contrast shown in the Analytical Density curves 
This tripack was made using dye M-1 in Fig. 4 
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ANALYTICAL 





MAGENTA 
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Color densitometry of a tripack using dye M-2 in 
Fig. 4. The analytical density of the yellow layer shows 


improved contrast. 


gave a tripack of equal integral density layer contrasts 
The cyan dye absorbed some green light and therefore 
the magenta layer was made slightly lower in contrast 
than the cyan. In terms of print quality this meant 
that the yellow layer of the negative was no longer 
effectively modulatng all of the blue light passing through 
the negative when it was printed. It is this loss that 
accounted for the yellow desaturation and the denser 
blue found in the print from the tripack with dye M-] 
All greens contained less than the desired amount of 
yellow and were therefore shifted in hue toward cyan 





400 — So OO 





8. Spectrophotometric absorption curves of three 
cyan layer dyes varying from shorter wavelength bluish- 
cyan dye (C-1) with fairly low blue absorption at 400 
my, to longer wavelength greenish-cyan dye (C-3) with 
high blue absorption 


Figure shows the sensitometry of the tripack con 
taining dye M-2 which has less blue and red absorption 
Here the monolayer analytical density contrasts are 
somewhat closer to being ideal. The yellow layer 
conforms more closely in contrast to the cyan and magenta 
layer. The net effect was an improvement in yellow- 
blue relationship over the tripack with dye M-1 


49 





Use in Cyan Component Evaluation 


Another example of dye component evaluation is 
found in the selection of one of the dyes C-1, C-2 or C-3 
as shown in Figure 8 for best all around results. Color 
Figure 9) were plotted in the LCI 
Chromaticity Diagram from three matched tripacks 
each using one of three cyan dyes. Although dye C-l 
gave the best yellows and blues, the magenta and red 
reproduction were inferior. In addition, this dye, due 
to the shorter wavelength peak absorption, printed 
with less than normal contrast with normal positive 
film sensitization. A compensating increase in cyan 
layer contrast in the negative exaggerated defects in 
the magentas and reds of the print. On the other hand 
dye C-3 closely matched the red sensitivity of the print film 
but gave inferior yellows and blues due to its relatively 
high blue absorption. Dye C-2, which printed with good 
contrast and did not cause inferior blue-yellow repro- 
duction was adopted for this printing system 


reproductions, 


~ROMATICITY 
DIAGRAM 


9. Diagrammed evaluation of color print quality 
from negative tripacks using the cyan dyes shown in 
Fig. 8. Dye C-2 is seen as a favorable compromise in 
overall color quality between dyes C-1 and C-3 


Determination of Interlayer Filter Efficiency 


\ final example of this monolayer technique was com- 
parison of two interlayer separation filters of different 
Spectrophotometric curves of these filters 
arc shown in Figure 10. Filters F-1 and F-2 are yellow 

rs used between the yellow layer and the magenta 


cihcicncics 


c olor negative 

Here, the preparation of matched tripacks required no 
changes in monolayer contrasts or dye components as 
the variations involved only the method of exposure 

Figure 11 shows the quality of color reproduction in 
prints made from tripacks using the two filters 

The use of filter F-2 produced improved color repro- 
duction, most noticeable in the increased saturation and 
density of the magenta and to a slight extent, the red 
of the print 


aver ina 


10. Spectral absorption of two yellow interlayer 
separation filters used in integral tripacks, showing the 
difference in filter eficiency. Filter F-2 affords greater 
blue density over the range of 400-490 my with a 
sharper cut-off in the 500-520 my region. 


Conclusion 


We have attempted to give, in this paper, a useful 
explanation of the color film evaluation method known 
as the Single Layer Technique. As examples of its 
versatility, we have shown two applications in the 
analysis of the effect of image dye component changes 
and an application of evaluating differences in inter- 
layer separation filter efficiency. It 1s obvious that this 
method is easily controlled and simple to use. As re- 
search ideas come forth, we feel this technique will find 
ever wider application in measuring color film improve- 
ments 


ici 
CROMATICITY 
DIAGRAM 


« TRPACK 


‘ 
11. Color print quality from tripacks made with 
filter F-1 as compared to F-2 showing the overall im- 
provement obtained by using filter F-2. 
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INDUSTRIAL PHOTOGRAPHY SERVES IN CHEMICAL 
MANUFACTURE 


Richard C. Kinstler* 


~ 
Sie has said that if we attempt to conceive of a 
world without photography, we can easily imagine that 
journalism, art, and sentiment would feel the loss 
acutely) but science would simply have to close up shop 
until it had invented photography again. To this pre- 
diction we might add that in chemical industries, where 
science works so closely with productive endeavor, 
photography is also becoming an essential activity. The 
click of the camera has become a common industrial 
sound heard often in the offices, laboratories, and fac- 
tories in many industries 

We have long used photography in research, engineer- 
ing, and production at P. & G. In addition, of course, 
the Company's advertising program has made extensive 
use of illustration photography. I would like to discuss 
the means by which photographic applications have 
been found useful to our manufacturing departments 
the uses of photography as a means of communication 
within the organization. Such usage has been called 

Functional Photography." 

Our use of Functional Photography dates back to 
about the twenties when someone in the analytical 
service laboratory decided that the future set-up of 
complex equipment could be facilitated through the 
use of record photographs made in the laboratory. A 
technician al his own camera for this purpose 

Soon the need for such photographs arose at such a 
frequency that a camera was purchased by the Company 
About the same time, photomicrography was under- 
taken in both physico-chemical and metallurgical in- 
vestigations he first step toward a central photo- 
graphic activity was made with the establishment of a 
dark room for developing photomicrograph film. The 
technician who processed photomicrographic negatives 
soon was taking the routine photographs of equipment 
and materials under test. About 1933 the Industrial 
Engineering Division began to make motion pictures 
of factory methods 

About the close of World War II, the interest in wider 
use of photographic methods within the Company had 
grown and it was felt that a study of the then existing 
facilities for picture making should be made. Up to 
this time the photographic work had been centered in a 
number of i occsranani Three basic shortcomings 
stood out. First, photography often consumed more 
than its share of the time of staff members, engineers, and 
others, and interfered with their normal activities 
Second, photographic quality was inadequate due to 
lack of responsibility for quality standards as well as the 
limited skill of those doing the camera work. Third, 


* The Procter & Gamble Company, Photographic Laboratory, Cin 
cinnati 17, Ohio. Presented at a mecting of the American Institute of 
Chemical Engineers in Rochester, New York 18 September 1951 and re 
leased to the PSA for publication through the kindness of F. F. Van 
Entwerpen, Editor of Chemical Engineering Progfess. Received 4 
January 1952 
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equipment was very limited and often the equipment 
which did exist was duplicated in the various depart- 
ments. New techniques had been extremely slow in 
adoption, and individual departments had difficulty in 
justifying new or improved equipment 

These objections were overcome and other advantages 
of lower costs and better service achieved through the 
organization of a central photographic group in 1946 
The three major responsibilities of our central photo- 
graphic group have been outlined as follows: 


1. To apply photographic techniques to the Com- 
pany'’s manufacturing activities wherever such applica- 
tions can be proved to increase efficiency or effectiveness 
of operations 

2. To supply a photographic service of the highest 
quality consistent with lowest practical cost 

3. To provide a clearing house for information on 
photographic and related technology. 





Texture lighting photographs of extruded soap bars 
provide engineering data for the guidance of P & G soap 
manufacture. 


It is not a stated purpose of the group to do all the 
photographic work. It is merely responsible for the 
work done and is concerned primarily with the promo- 
tion of practical usage of photography 

We now recognize that there are two sources of photog- 
raphy other than the services of our central laboratory 
I refer to purchases from outside commercial studios and 
a second very important source which we call ‘‘Inci- 
dental Photography.”’ 

The use of commercial studios for many industrial 
photographs is limited by considerations of - and 
cost. However, we have found it worthwhile to use 
outside studios on occasion even at our home plant 
Our factories outside Cincinnati use commercial photog- 
raphy a great deal. Often assignments given to com- 
mercial studios are facilitated through suggestions given 
by the central photographic group 





Incidental Photography 


Incidental 


photography performed 


The term Photography" refers to all 
in the Company by individuals 
on the job and incidental to their regular duties. While 
it is felt that one result of the organization of a central 
group was to provide trained men for 
work and r others from picture 
taking activities, it is nevertheless true that every photo- 
yperation in all of the offices, laboratories, and 
ric annot reasonably be performed by a central 
uy Cherefore, an important phase of the work of 
P&G Photographi is the placing of 
ther photographic devices in the hands of 

th r 


photograph 
photograph lease 


trapn 
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r use on their job, issuing instruc- 

uf maintaining photographic quality 
1 of the application 
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ntral photographic service, when 

ymmmercial photography, through 

h items as advertising and selling 

xpenses, and the savings in time by having people on 

i icact with the work to be done 

also realized economies through the elimination 

nt and facilities duplicated in various depart 

Centralization of darkroom and 

uction work also led to the purchase of time 

Using trained photo 

personnel to do photographic work replaced 

ess efficient and in many cases more costly help who made 
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abor saving mechanical aids 


ires ON a part-time basis 
increased materially through the employ 
ntral department. Particularly 
uniformity of quality so necessary in the 
photographic records of materials 
taken over a period of time and 
1. Every endeavor is made to 
simplify darkroom procedure to the 
hat a photographic record made today can be com 
later without making allowances 
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specialized ations, 


Photomacrographs made with short focal length 
lenses and long bellows extension provide 10 to 20 
diameter photographs like this study of detergent par- 
ticles used to show size, texture, and uniformity of spray 
tower products 


incidental’ photography and illustration. The bulk 
of our work consists of record photography using con- 
ventional techniques. Examples of such subjects might 
be machine parts, bars of soap, bakery products, and 
other materials under test. Further examples are factory 
show where improvements can be made in 
or materials handling, or a step by step 
sequence used to transmit detailed information con- 
cerning methods in the factory, or a photographic 
record of the size and appearance of animals undergoing 
tests in a biological laboratory 

A second type of still photography we call 
ized applications These are best described by 
following examples: 1. Extreme close-up or photo- 
macrographs of materials or materials 
Photomacrographs made with short focal length lenses 
and long bellows extension are not to be confused with 
photomicrographs which are made through a compound 
microscope Photographs of human skin observed 
uring a skin research survey called for a special photo- 
macrographic set up. A Leica camera was used with 
sliding focusing attachment and extension tubes to 
make 4 diameter photographs of a portion of a subject's 
face held in place in a clinical head and chin rest. Since 
some slight movement of the subject was unavoidable, 
and prevented the long exposures usually encountered 
in photomacrography, a Xenon discharge lamp was used 
as the light source. The film, exposed at vosnooth 
second at an effective aperture of f/32, was Panatomic-X 
developed 45 minutes in Microdol to a very high gamma 
We have also been successful in making 3 dimensional 
photographs of this type of subject using two cameras 
in conjunction with a binocular microscope and Ibso 
attachments. Metallurgical specimens showing corro- 
sion, wear, pitting, welding defects etc., are also common 
subjects for photomacrography 


views to 
equipment 


special- 
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Specialized Application of Photography 


Photographic records made by means other than visible 
light are classed as specialized applications. Infra-red 
has been used for the recording of certain subjects 
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Some of our products contain fluorescers and in this 
aboratory photography of fluorescence under ultra- 
violet radiation is not an uncommon assignment 

We also class under specialized applications uncon- 
ventional methods of lighting such as exaggerated texture 
lighting used, for example, to study minute variations 
in the surface of extruded bars of soap. In the many 
cases where results of laboratory experiments are shown 
in varying turbidity of solutions, we have developed a 
standard lighting arrangement which emphasizes the 
variations in clarity or interference caused by the pres- 
ence of undissolved particles, or emulsified oils 

It has been found that the loan of cameras to be used 
as a tool by others for “‘incidental’’ photography is one 
of the most important services the Photographic Labora- 
tory can perform. As a result we have available for 
lending standardized equipment which experience has 
shown can be used by persons without special photo- 
graphic skill. The usual procedure in the placing of a 
loan camera begins with a request by a department of the 
company for some type of photographic help in the 
recording of communication of facts. If, after discus- 
sion of the problem, the economics and quality require- 
ments involved indicate that this is an “‘incidental ap- 
plication,”’ the necessary equipment is assembled (and at 
times specially designed and built), instructions in its 
use are issued and the equipment loaned to the depart- 
ment for the duration of its need. In some cases this 
has meant the permanent installation of a camera within 
an office or laboratory 

The advantages of this system of lending cameras 
seem to be: First, once the technique is established many 
routine photographic operations do not require a skilled 
photographer for their success. Second, picture making 
needs are met with a minimum of equipment. Also a 
larger variety of specialized equipment is available when 
needed by any department. Third, quality of photog- 
raphy is checked and maintained through inspection of 
exp sed film 


Typical Camera Equipment 


Wide use of 35mm cameras has been made by engineers 
from our manufacturing headquarters in connection with 
visits ofr inspections at our factories throughout the 
world. The Leica camera is used where the ultimate in 
portability and speed is the requirement. We prefer 
a reflex camera for general use by our mechanical as well 
as methods engineers who are supervising machinery or 
processing equipment installations or recording methods 
and other factory subjects. The reflex camera with 
flash has proved to be the camera most capable of pro 
ducing consistently good records even when used by 
persons who never before held a camera in their hands 

An example of a camera which was specially designed 
to do a routine job is one we call the ‘Cake Camera.’ 
It was built according to our specifications which required 
that no adjustments be necessary for its correct operation 
It does the one job of making consistently good photo- 
graphs of test cakes under fixed conditions so that vol- 
umes and texture of these bakery products ¢an be com- 
pared. Recently 200 record photographs of cakes 
baked in a consumer survey were made in less than two 
hours with this equipment. Besides photographing 
cakes the camera can be used for other purposes such as 
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routine records of laboratory tests. Laboratory applica- 
tions of the camera become more common all the time 
as photographs take the place of written description in 
data books and reports 

Our technical people who attend lectures now are 
equipped with Leica cameras and high speed film and 
instructed to snap photographs of slides at '/oth second 
atf/2. When they return the film is processed for maxi- 
mum speed and contrast. The resulting photographs 
find wide use in rapidly and accurately reporting informa- 
tion gained by attendance at technical meetings 

In addition to more prosaic subjects, the Central Pho- 
tographic Laboratory 1s called upon to do illustration 
work. We are allowed to let our aesthetic natures 
come to the fore now and then in supplying eye catching 
photographs of company manufacturing and technical 
activities. We maintain a large file of indexed and 
classified material of this type for use in employee re- 
cruiting, institutional advertising and company publica- 
tions 

One advantage in having our central photographic 
group undertake illustration photography iss been that 
responsibility for security of information is fixed. All 
photographs made in our factories and laboratories 
which may appear in publications or in external use are 
either made by the central photographic laboratory or 
are Cleared through manufacturing headquarters before 
release 


Photographs dramatically record the presence of hard 
water effects on glassware washed with soap and the 
clarity of glassware washed with a modern synthetic 
detergent. 


Color Photography Applications 


With color photography becoming more popular 
and more practical all the time it cannot go unmentioned 
The underlying principle to which we adhere in using 
color photography is to avoid color merely for the sake 
of color alone. Due to the excellent job the film manu- 
facturers have done in fostering amateur enthusiasm for 
color photography, a great many users of our service 
assume photographs they need must be color photo- 
graphs. We are quick to use one of the color processes 
when black and white photography will not do the job 
but economy and speed rule out color photography 
when its only advantage is that it is attractive 





Fluorescence photograph under ultraviolet illumina- 
tion to study the efficiency of a soap mixer. The fluores- 
cer was added upstream of the mixer and the photograph 
made of a block of cooled soap taken from below he 
mixer 


Motion Picture Photography 


Motion picture photography undertaken at the P&G 
Photographic Laboratory comprises the three types 
which we call: 1. Record, 2. Full Scale Production and, 
3. High Speed 

Factory methods are the major subjects coming before 
the two motion cameras used by our central 
group. However, data concerning transient phenomena 
occuring in laboratories and pilot plants are also recorded 
via the motion picture camera. The file of Industrial 
Enginecring films of factory methods contains over 1000 
fifteen minute recls of 16 mm film, 90°; of it in color. 
These films are made for the purposes of methods analy- 
sis and improvement, informational use as a means of 
standardizing methods in the factories, training of 
operators, and films used to train engineers in methods, 
thinking, or attitude building, in Work Simplification 
and similar 


pic ture 


programs 

One feature of our Industrial Engineering film program 
is the use of microchonometers or decimal umer at- 
tachments that, by means of a system of mirrors, placed 
at any spot on the movie frame a continuous and highly 
accurate record of the clapsed time of a filmed operation 
This device was designed and put into use by our photo- 
graphic group 

We also have on hand a simple magazine camera which 
Industrial Engineers carry with them for incidental movie 
making on factory visits 
wr films suitable 
been made A 

» hour sound 
olor film used to present to our sales group as well as 
the consuming publi the performance characteristics 
of a new product We are not self sufficient in such full 
Script and photography and 
editing are done in the Company. Sound recording 
and laboratory purchased outside. For a 
cost comparison, a typical movie of 35 minute length 


A number of full scale productions, 
tor showing outside the company have 
typical produc tion of this type woul ibe a 


scale movie production 


services are 


4 


cost $4200 total labor and material. An outside pro- 
duction cost of $25,000 and more for films of a similar 
standard has been quoted. 

Outside of our studio view cameras and the Speed 
Graphics, the Kodak High Speed Camera Type III is 
the busiest piece of equipment we have. Each week 
seems to bring some problem which can be solved by the 
time magnifying properties of the 3000 frame per seconc 
speed of this camera. We have used it in machine design 
and development, which is by far its greatest field of 
usage, as well as in study of fluid flow, and other physica 
and chemical phenomena 

In the communication of progress reports to manage- 
ment and the exchange of information with each other in 
group mectings our technical people are rapidly learning 
the superiority of pictures over oratory. As a result 
the central photographic group is called upon for an 
increasing amount of production of visual aids such as 
lantern slides and film strips 

Motion pictures have been recognized as an ideal 
medium to be used in the field of employee relations 
We, like many others, use motion pictures for this pur- 
pose. When, however, we want to tell a limited story 
to small groups, we use color sound slide films. Our 
photographic group produces these for a fraction of the 
cost of motion pictures or outside production. These 
films do an effective job of communicating to employees 
a better understanding of Company aims, policies and 
especially Company plans affecting the employee's 
security 

We are now engaged in the production of a series of 
films of this type, covering such Company plans as 
profit sharing, disability benefit, and guaranteed employ- 
ment. These films are made entirely within the Company 
using Company talent for script writing, acting, narrat- 
ing as well as photography and sound. The average 
cost of these films is $1200 total, as compared with a 
quoted outside production cost of over $5000 


Organization of the Photographic Laboratory 


Our group normally consists of six persons. These 
are: The Head of the Laboratory, Assistant in charge 
of camera work, Assistant Camera Man and movie 
technician, three Technicians, two of whom are con- 
stantly on darkroom work. We have added two tem- 
porary microfilm camera operators at times. The group 
functions as a service group to the entire Manufacturing 
Department, but is organized under the direction of the 
Chemical Division 

A typical year’s production includes 1) the fulfill- 
ment of over 1,500 separate orders ranging from a request 
for one photographic print to the production of a half 
hour sound color movie 2) The exposing and process- 
ing of over 12,000 negatives and color transparencies 
3) The production of over $0,000 photographic prints 
4) The preparation of $00 lantern slides in black and 
white and color 5) The production of three '/, hour 
color sound slide films 6) The production of 1 full 
scale sound color motion picture Making about 
10,000 feet of high speed motion pictures and over 10,000 
feet of record motion pictures and (8) Handling 300 
rolls of microfilm 
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Cost Accounting and Charging 


These totals are not in themselves significant without 
considering the wide variety of problems approached 
and the diversity of photographic skills applied to achieve 
this production. Accurate records are kept of the costs 
involved in all work performed by the department 
This is done for two reasons. First, it is felt that photo- 
graphic usage must be justified on an economic basis 
It is desirable for those who are to use our service to 
know in advance what it will cost. Second, since we 
operate as a service unit, the costs of the work we do is 
borne by the departments using the service. We, there- 
fore, cross charge by an internal accounting procedure, 
the direct costs of labor and material and an allowance for 
indirect costs 

In order to simplify accounting procedure and record 
keeping, standard costs have been calculated on repeti- 
tive jobs and these standard costs are used in cross charg- 
ing. Cross charging of costs seems to have the dual 


effect of discouraging too enthusiastic and inefficient 
use of photographic service, and at the same time cn- 
other applications which might not be 
realistic cost information was not 


couraging 
undertaken if 
available 

If the chemical industry is to find a place for the suc- 
cessful application of the powers of functional photog- 
raphy to show, record and reproduce the information 
which it must communicate internally, attention given 
to organization on a broad company wide basis 1s de- 
sirable. An important advantage of a central group used 
to correlate photographic usage within the company is 
the utilization of available sources of photographic 
service with fixed responsibility for their successful 
and economical application. Photography long thought 
of as necessary to the fields of promotion, art and journal- 
ism, has now progressed to the status of a valuable 
aid to science and industry and is ready to contribute its 
share to the increasing effectiveness of chemical industry 
in a changing world 


PRACTICAL PHOTOGRAPHIC ENGINEERING FIELD 
RECORDS 


D. C. Jardine* 


The Engineering Departments of many industrial plants 
often have need of a photographic record which might 
be called a ‘memory jogger This is especially true of 
heavy equipment manufacturers, whose products are used 
under outdoor conditions, such as diesel-powered shovels 
and cranes, earth movers and similar equipment. Fail- 
ures in the field often necessitate design changes, shop 
procedure changes, or other changes to prevent costly re- 
currences. Equipment failures in the field often require 
field engineering investigation and the recording of data 

When a field engineer arrives at the location of the 
equipment failure, he often needs record data in addition 
to his notes and sketches. Photographic records that do 
not forget a single detail are particularly useful. The 
services of a professional photographer might be used 
but, unless a professional photographer is really needed, 
he will not be called upon, for two reasons: The cost 
would be too high (equipment often fails many miles 
from the nearest studio) and the average professional 
photographer seldom has an appreciation and understand- 
ing of the engineering problem at hand A particular 
type of photograph is called for; the recording of factual 
engineering data 

Suppose, for example, a shovel engaged in strip min 
ing coal 40 miles from the nearest town fails. The engi- 
neer, along with the dealer's repairman, studies the fail 
ure and fills out his customary reports. During his 
study he sees the need of photographs for use in various 
Rochester, New York 
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ma-Hamilton Corp 


Institute of Technology 
January 1952 The author 
RIT, managed the photographi 
Shovel and Crane Div 


Rochester 
Received 14 
structor at 
Locomotive 
Lima, Ohio 


isions of I 


PSA JOURNAL, SECTION B, JULY 1952 


places back at his plant. He could go to the nearest 
town and bring back a photographer. However, suitable 
record photographs can be made on the spot by the field 
engineer himself if he is suitably equipped. 

With suitable equipment and instructions, field engi- 
neers have made satisfactory record photographs, in- 
cluding general views and details of the failure, plus 
details of the repairs. A 2'/,x 3'/, inch reflex-type roll- 
film camera wieh flash attachment using No. 5 flash lamps 
was provided by one organization. A portrait attach- 
ment was added later to permit working in restricted 
areas. The flash attachment proved of great value where 
close-ups were photographed in addition to the advan- 


Field record photograph of engineering material failure 
taken with a flash-synchronized box-type camera by a field 
engineer. 


45 





tages of measuring illumination where dull days and de- 
tails in the shade or shadows required recording 

The plant's photographic department processed and 
printed the negatives The films were developed in the 
usual amateur tank, using D-23 developer. Many of 
these field negatives are excessive in contrast. Standard 
} x 7 prints were made, with the same care that would 
be exercised with similar negatives made by the depart- 


ment in the plant. The result has been orp ae am that 
served a purpose and performed a needed function at a 
reasonable cost that would justify their industrial exist- 
ence 

The reflex-type box camera was chosen for its sim- 
icity of operation—a “‘must."’ The use of No. 5 flash 
Pulbs and standard 2'/, x 3'/, roll film, which can be 
easily obtained at most local stores, is also desirable 


FLASH SYNCHRONIZATION WITH STILL 
CAMERAS 


S. H. Duffield* 


= 
S, NCHRONIZATION 1s defined as ‘‘the act of causing to 
take place at the same time When applied to flash 
photography this means causing the camera shutter to 
be open when the transient illumination is at its maxi- 
mum value 

Using time-to-peak as a criterion for classifying flash 
sources, there are five general types. The three most 
important are 


l X-type, with a time-to-peak of less than 1 mil 
lisecond, 1s found only in Strobe or gas-discharge lamps 
operated from high voltage sources 

2. F-type, with a time-to-peak of 3 to 7 ms, ts found 
mnly in the midget lamps, and is used chiefly in the 
amateur field 

3. M-type, with a time-to-peak of 16 to 23 ms, is 
the most common type and has the widest application 
in both amateur and professional work. This type will 
as the example for the following discussion 


serv 


In addition to these three types, there is a special 
high-output S-type lamp with a time-to-peak of about 
30 ms and usually used with “‘open flash,’ and the FP- 
type lamp in which the light output ts held nearly con 
stant during the transit time of the slit in a focal-plane 
shutter 

All of these, except the X-type, depend on the burning 
of material for their light output, and may be obtained 

) several sizes to meet various demands 

The data presented here are based on a laboratory 
tudy of the lamps of one manufacturer which are widely 
listributed to the photographic trade and representative 
of the product available at the time of the study, about 


i vear ago 


Construction and Operation of M-type Flash 
Lamp 


The tangled mass of fine wire or shredded foil in the 
M-type lamp burns rapidly in an atmosphere of oxygen 
Rochester 4 
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to provide the light. The total amount of light emitted 
and the burning time of the charge are controlled almost 
entizely by the amount of material and the oxygen pres- 
sure in the lamp and these contents are held to close 
tolerance by the manufacturers. This wire or shredded 
foil is ignited by the primer which is coated on the ends 
of the two leads where the filament is attached 

When sufficient electric current passes through the 
filament, it gets hot enough to ignite the primer. With 
a lower current it is possible to heat the filament until 
it burns out without generating heat rapidly enough to 
set off the primer. This is what happens when weak 
batteries are used 

The three events in the firing of a flash lamp are 
First, the filament is heated rapidly by the electric cur- 
rent; Second, this hot filament ignites the primer; 
Third, the burning primer kindles the mass of fine wire 
or shredded foil and the metal burns, producing light 

Our experiments have shown that the time interval 
between the ignition of the primer and the maximum 
light output of the burning wire is constant, but that 
there can be a large variation in the first step of the 
The time between the closing of the circuit 
and the ignition of the primer is influenced greatly by 
the magnitude of the current delivered by the power 
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Fig. 1. Filament burn-out time and time to peak of M- 
type flash lamps operated at different amperages. 
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Fig. 2. The simplest possible flash circuit using two 
battery cells has at least eight unsoldered contact points 
that develop electrical resistances. 


source. Obviously this factor must be accurately con- 
trolled if accurate synchronization is to be achieved 

In Figure 1 the filament burn-out time in milliseconds 
is plotted against the current through the filament in 
amperes. These, and other data given in this paper, 
were obtained from photographs of numerous oscillo- 
scope traces giving current flow, filament burn-out, and 
light output of the flashbulbs against a calibrated time 
base. The electrical circuit was so constructed as to 
minimize variables due to circuit resistance, contact 
resistance and contact chatter 

Ic is evident that, with currents below one ampere, 
the burn-out time is extremely variable and in the neigh- 
borhood of */, ampere some failures must be expected 
With currents above three amperes the burn-out time is 
less than three-fourths of a millisecond. Obviously, if 
the current can be kept above this value under all condi- 
tions, good synchronization should be obtained 


Factors Involved in Good Synchronization 


From Ohm's Law we know that current equals the 
voltage divided by the resistance. Therefore, in a 
sample flash circuit using two dry cells as a three volt 
power supply and a filament with a resistance of ap- 
proximately one-half an ohm, the current should be 6 
amperes 37.5 = 6 On actual measurement the 
current is usually found to be much less. This decrease 
in current is caused by additional, and often obscure, 
resistances in the circuit 

In the simplest two-cell flash circuit there are at least 
eight unsoldered contact points, as shown in Figure 2 
Three are in the battery and case, two at the bulb, two 
at the camera, and one within the shutter. Each of 
these contacts offers additional resistance, from a fraction 
of an ohm under the best conditions to several ohms in 
the case of corrosion on battery contacts or corroded 
solder at the base of the bulb. These resistances can be 
minimized only by the selection of good equipment and 
by adequate maintenance 

Within the battery itself there is resistance, called the 

internal-resistance’', which becomes dominant when the 
external resistance is low. The electrode and electrolyte 
materials are responsibie for the voltage of the battery, 
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but the internal resistance is determined by the condition 
of the electrolyte and materials separating the electrodes 

In some batteries made pds for flash work, this 
resistance is very low when the battery is fresh, but 
increases with storage time or with use. In other bat- 
teries, designed primarily for illumination applications, 
the internal resistance is somewhat higher when new, 
but does not increase so rapidly as heavy currents are 
drawn. From this it may be seen that the type and condi- 
tion of the battery may be critical factors in synchroniza- 
tion 

Ohm's Law may be expanded to cover all these addi- 
tional resistances 


Voltage 


{ . = 
Ce. oF i + a sib 


Fixed resistance of the circuit (leads, filament, etc 
Internal of the battery 

Contact resistance between battery cells 

Other contact resistance (plugs, sockets, shutter, etc 
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Fig. 3. Typica! B-C flash circuit including resistor to 
limit the current drain on the battery 


The voltage factor is unchanged, so why not double 
or triple it and raise the current proportionally? This 
is exactly why some flash outfits have provision for 
adding more cells, but adding more cells increases the 
resistance below the line (Re, Rs) and so gain is not as 
great as might be expected. 

There is a way to increase the voltage without in- 
creasing many of the resistance factors, and this is by the 
use of a condenser, which may be soldered permanently 
into the system. Ina flash circuit it acts as an electrical 
storage tank, and has the same voltage as the charging 
source but practically no resistance to the discharge of 
its stored energy. It may be charged directly from the 
battery or through an external resistance, s nce the resist- 
ance of this portion of the circuit can influence only the 
charging rate and not the final result. This combination 
of a battery and condenser forms the power source of 
the ‘‘B-C’’ (hattery-condenser) circuit. Historically, 
it appears that this system was first proposed for flash 
synchronization by the Kalart people, but the first work 
published in detail was done by W. H. Fritz and co- 
workers at National Carbon Company. ' 

In a typical B-C circuit, Figure 3, the condenser acts 
as a storage unit which can be filled slowly, regardless 
of the internal resistance of the battery, battery contacts, 
etc. In fact, the batteries usually used in B-C units will 
not stand large current drains, so a limiting resistor of 
several hundred ohms is deliberately put into the charg- 


47 





ing circuit to limit the current As mentioned before, 
the condenser, when fully charged, has the same voltage 
as the charging battery but practically no resistance to 
the discharge of current, and hence we can increase the 
voltage applied to our circuit without, at the same time, 
appreciably increasing the resistance By actual meas- 
urement the effective may be lowered by the 
elimination of all resistances associated with the bat- 
in the charging circuit, not 


resistance 


teries, since they occur only 


the firing circuit 

Figure 4 shows the discharge curve of a typical 45- 
B-C unit. Discharge current in amperes has been 
plotted against time, for four different values of externa! 
While the current falls rapidly, the initial 
value is so high that the filament would be expected to 
burn out consistently in a few tenths of a millisecond and 
this is exactly che Even with 8 ohms in the ex- 
ternal circuit, the current exceeds three amperes for */, 
millisecond, which was the filament burn-out time noted 
previously. Note that 8 ohms are roughly equivalent 
to six well-designed twenty-foot extension flash units 
therefore, will pay dividends 


volt 


esistance 


Cas¢ 
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Discharge curves of a typical B-C unit at dif- 
ferent values of external resistance 


Figure 


fired 


) shows the time-to-peak for M-type bulbs 
with a B-C circuit with various values of external 

The 200 mfd condenser was operated at 
22'/, volts and at 45 volts. Note that at 45 volts with 
8 ohms resistance the time to peak is 17 ms. Remember, 
this was a laboratory setup and many sources of resist- 
normally ommercial equipment were 


resistance 


ance present in 
missing 

Of course, all this gain cannot be obtained without 
some bad features. The most serious is high initial 
urrent, which may be over 15 amperes if the external 
load is low. Such currents could easily damage delicate 
shutter contacts unless provision is made to avoid them 
One means of doing this is to build into the circuit a 
to keep the current down. Of 
when extensions are added, this protective re- 
sistance should be removed 

Extension connections, operating on the principle of a 
luplex phone jack with the protective resistance across 
the secondary contacts, as shown tn Figure 6, may be 


protective resistance 


ourse, 
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Fig. 5. Time to peak 
of M-type flash lamps B-C 
fired using a 200 mfd 
condenser operated at 
22.5 and at 45 volts with 
different values of exter- 
nal resistance. 





used. When no extensions are used, the current flows 
through the resistance wire, which is just enough load 
to reduce the initial current to a value that can be handled 
safely by the shutter. When the extension is plugged 
in, the resistance wire is cut out of the circuit and the 
extension acts as the protective load. In this way the 
shutter contacts are always protec ted from serious over- 
load 

The variations in the characteristics of the flash bulb, 
namely the bulb manufacturer's tolerance for the burning 
time of the charge, and the filament burn-out time, to- 
gether with the variations in the flash circuit responsible 
for the latter, are only part of the sy chronization 
problem. The camera shutter and the amoant of varia- 
tion to be expected there, must also be consicred 

First, for flash shutters, there 1s the manufacturer's 
tolerance in setting flash contacts. Tests on numerous 
shutters of various manufacture show that, for a well- 
made shutter of a given size and make, the variation in 
delay time will fall within + 2 milliseconds, and an 
individual shutter will repeat within = '/, millisecond 

In the case of solenoid-synchronized non-flash shutters, 
the accuracy of synchronization depends not only on the 
current through the solenoid, exactly as in the case of 
lamps, but also on the mechanical adjustment of the 
solenoid. This is complicated from the standpoint of 
accuracy by the need for getting the required delay and 
at the same time suitable tripping action 

One of the better solutions to this problem is again 
the use of B-C as a power source, to provide fast positive 
action. If this can be coupled to a mechanical syn- 
chronizer that controls only the contacts supplying 








Fig. 6. Series connection for added flash units with 
protective resistance across the secondary contacts. 
When no extensions are used, the resistance wire re- 
duces the initial current to avoid burning the shutter 
contacts. When the extension is plugged in, the re- 
sistance is cut out of the circuit and the extension serves 
as the protective load. 
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current to the solenoid and to the bulb, an ideal unit ts 
provided. The solenoid can then be adjusted to give 
the best tripping action, and the synchronizer adjusted 
to take care of the delay 

Such a synchronizer can be built on the principle of a 
box camera shutter with the shutter blade carrying the 
common contact. This contact sweeps first over the 
M-type bulb contact, then over the solenoid contact, 
and then over the F-type bulb contact. Of course, provi- 
sion must be made to by-pass the M contact if the F is 
to be used 

Inasmuch as the difference in time-to-peak between 
M and F type bulbs is a constant under similar conditions 
of current, the relative position of these two contacts 
may be fixed and only the solenoid contact need be 
adjustable to provide correct synchronization for both 
types 

Tn order to have adequate current available to both 
the flash bulb and the solenoid, it is advisable to use 
a parallel arrangement of two condensers such as shown 


in Figure 7. This has the advantage of providing e¢s- 


Fig. Parallel arrangement of two condensers 
to provide independent current for both flash lamp and 
solenoid 


sentially independent sources for each operation so that 
neither robs the other of power, as is so often the case 
with conventionally powered units 

There is one more shutter characteristic that can have a 
significant effect on synchronization, namely the shift 


in the delay required for various shutter speeds. Figure 
8 shows a plot of the shutter speed curves when all are 
correctly synchronized for an M-type lamp. Note that 
the delay time, measured from the closing of the contacts 
to the first full-open position of the shutter, ts a variable 
as shown by the bars at the upper left. Such synchroniza- 
tion can be obtained with a completely variable, syn- 
chronized shutter, but the delay must be changed when- 
ever the shutter speed is changed 

The more common practice is to set the delay once, 
for some one speed, and take whatever one can get for 
other speeds. Figure 9 shows a plot for a fixed delay 
shutter set for perfect synchronization at we second 
Note that all other speeds are more or less out of syn- 
chronization, the faster speeds being early and the slower 
speeds being late 

The variables in connection with synchronization 
may be summarized as follows 
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Fig. 8. Synchronization of M-type flash lamps with 
camera shutter opening characteristics at different oper- 
ating speeds. The delay time, from the closing of the 
contacts to the first full-open position of the shutter, 
is a variable. 


Bulb time-to-peak variation +2 ms 
Shutter-manufacturer tolerance +2 ms 
Shutter speed 200 C0 */s6) +2 ms 
Power source (weak batteries to B-C) *3ms 


Taking the statistical average (Wa? + b? + c? ) 
of these figures, we find a probable variation range of 
*4.6 ms. Just what does this mean in terms of ex- 
posure? 

Taking a fixed delay shutter operating at 
and the average M-type lamp curve for calculation, we 
find a maximum amount of light caught under conditions 
of perfect synchronization 

All other conditions being constant, perfect syn- 
chronization allows the maximum amount of light to 
enter the camera, and any change in synchronization 
can only reduce the amount of light admitted. It 
follows, therefore, that perfect synchronization should 
yield, not the optimum exposure, but rather the maxi- 
mum tolerable exposure, since any change in synchroniza- 
tion can produce only less. If this is not done, then the 
upper range of useful exposure latitude of the film would 
never be used and the latitude of the film would, in effect, 
be reduced accordingly 

If the lamp curve ts shifted so that it peaks 4 ms later, 
only 60°% of the light obtainable under conditions of 
perfect synchronization will be obtained, or a change in 
exposure of .7 lens stop. A similar shift in the other 
direction would give 75°, or a change in exposure of 
4 lens stop, since the lamp curve is not symmetrical 
Assuming the exposure latitude of the shortest scale 
materials to be * one-half stop, then perfect synchroni- 
zation is one-half stop over, and a 4 ms shift is almost 
perfect in one direction and about '/, stop under in the 
other 

Using circuits that furnish sufficient current to fire 
bulbs consistently, the probable variation is reduced to 
+ 3.5 ms and all exposures are well within *'/, stop, 
which is excellent for even the most critical materials 

From these considerations it can be seen that while 
good results can, and for a long time have been obtained 
with flash equipment normally furnishing 1 to 4 amperes 
to the bulb, much more consistent and therefore generally 
better results could be obtained from equipment furnish- 
ing more than 3 amperes under all conditions. At 
the moment B-C seems to be the best answer. 


too SCCC ynd 





Fig. 9. Fixed delay shutter synchronized at 1/100 
second showing all other speed settings more or less out 
of synchronization 


~eries Versus Parallel Circuits 


Since che time-to-peak is a function of the current 
and siuce all a sefies circuit get the same 
they must all fire the same, and so the series 
circuit is preferable, particularly where multiple ex- 
tensions are to be More voltage is needed, of 
to operate a series system, but B-C gives more 
voltage casily 
Another topic of general interest in connection with 
flash circuits ts the question of the synchronization of 
strobe lights. While the details of the circuits used to 
flash tubes may show infinite variety in detail, 
tated by the specifications of the individual units, they 
may be reduced to three basic circuits 
In the first type the shutter contacts control the 
urrent to the coil of a relay which in turn controls the 
power to either the self-energizing tube or the primary 
of the trigger coil of a ‘stand-off’ tube. Such systems 
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Coior in Business AND INpustrY by 
Judd, John Wiley & Sons, Inc. New York 16, 
1952) 401 pages, $6.50 


SCTENCE, 


his ts a practical book for the technical man to whom 
olor problems are frequent occurrences but not his main 
The physicist and the scientific worker in color 

will find it useful too 
Ready reference 


measurement, re pr 


oncermm 
material on color characteristics, 
duction, standards, classification and 
terminology is provided in understandable 
Out experience in the U. S. Department of 
National Bureau of Standards), Dr. Judd 
has completed a valuable desk companion for the Indus- 
trial Engineer, Printer, Designer, Photographer, Ad- 
vertising Manager, Srylist, Illustrator, or the industrial 
technician concerned with production, product packag- 
ing, identification, and quality control. The book will 
be reviewed in detail later 


language 
of his 25 years 
Commerce 


are capable of variable delay but not X-type synchroniza- 
tion. In general, these circuits are subject to day-to-day 
variation in synchronization caused by the relative 
instability of a relay under various operating conditions 
In addition, the back e.m.f. or “‘kicker-coil"’ action of 
the relay when the circuit is broken may produce an arc 
between the shutter contacts. This causes heating and 
pitting of the contacts, carly failure, and frequent 
shutter repairs 

The second type uses the shutter contacts to control the 
current to the primary of the trigger coil of the stand-off 
type tube. If the proper kind of coil is used, the back 
e.m.f. is considerably less than that developed by a relay 
and the danger of burning of the shutter contacts rela- 
tively slight. This system, however, is limited to 
X-type synchronization 

In the third circuit the shutter contacts control the 
voltage applied to the grid of a thyratron or cold 
cathode tube.* In such a circuit the plate current ener- 
gizes the trigger coil. Note that here it is primarily 
voltage that 1s controlled, not current, and in a properly 
designed circuit the shutter contacts are not damaged 
at all. With simple auxiliary components, this type of 
control is capable of exact synchronization for all delays 
This appears to be the most satisfactory circuit for strobe 
tube synchronization although it ts slightly more ex- 
pensive 
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LETTER TO THE EDITOR 


Dear Sir 


The Photographic Laboratory has experienced con- 
siderable difficulty in finding a means of captioning 
photographic prints. This is our problem: Most of 
our 8 x 10 industrial photographs and our 84 x 11 labora- 
tory report photographs must carry titles of explanation. 

To date we have used two methods for making titles 
First, by typing the written material on onion skin 
paper, and then contact printing this positive on Ad- 
type paper, we produce negatives that are attached to 
the picture negative. Second, by cutting a stencil on 
Stenalith material which is cut into strips to fit the 
negative for contact printing 

The first method is time consuming because we have 
the extra processing of the title. The second method 
is better with respect to the time clement, but the 
Stenalith material is fragile and the characters are not 
cut evenly by the type bars. Possibly you can tell us of 
another method, not involving photographic processing, 
that we can use to produce the titles 


PSA MEMBER 


NOTE: The Editor will be glad to receive suggestions inspired by the 
above request for assistance on Tecunique ror Proressionats. Samples 
illustrating proposed methods should be enclosed, if they are satisfactory 
for reproduction. Recommended methods will be published in a forth- 
coming issue 
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Properties of Developing Agents. 


R. W. 


I. Hydroquinones* 


Henn 


SUMMARY 


The developing properties and rate of oxidatior 
quinone, meth and sulfohydr 
estigated over 700 13. The b 
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bility measu ! 


most 
xvhyd 


remen 
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a ‘. COMPREHENSIVE investigation of the simple 


veloping agents has been made in recent years, since 
great amporcance of the degree of alkalinity, or pH 
been understood 


de 
the 
has 
Levenson has dealt with p-methyl- 
aminophenol sulfate and hydroquinone over a limited 
pH range* and James has investigated the paraphenylene- 
diamines over a wide pH range.* The present investiga- 
tion uses an approach similar to that of James in that 
developing rates are studied over a wide pH range, but 
a particularly wide range of developing times, and 
measurements of the rate of acrial oxidation and of 
solubility have also been included. It is hoped that the 
lata gathered with these simple developing agents will 
contribute to the general field of photographic knowl!- 
edge and to a better understanding of how the agents 
may best be adapted to a specific problem 

This paper is confined to a group of hydroquinones 
which are sketched in Table I. Considerable effort 
has been spent in their purification, and they probably 
represent much purer samples than the early investiga- 
tors were able to obtain. The methoxyhydroquinonc 
was prepared by Dr. C. F. H. Allen, of these Labora- 
tories; the others, by the laboratories of the Tennessec 
Eastman Company 


Experimental Conditions 


The developing agents were employed at a moderately 
low concentration in a medium-sulfite, bromide-free 
developer, with buffer added to stabilize the pH in the 
desired range (see plot of buffer characteristics, Figure 1) 
Sodium hydroxide was added, as required, to neutralize 
the acidic effect of the phenolic groups, which is appreci 
able, even at a pH as low as 10.0. These data are given, 
together with the developer formula in Table I. The 
pH values were measured with a carefully standardized, 
high-pH, glass electrode 

This work has been confined to a simple positive 
emulsion of low fogging propensity (Kodak Fine Grain 
Positive Film In addition to simplicity, this emulsion 
offers the advantages of considerable physical hardening 
and a very high maximum density. Follawing exposure 
to a step wedge, this film was cut into l- K 10-cm strips 
and placed in test tubes containing 10 ml of developer 
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These tubes were rotated in a water bath at 68 F (20 C) 
to produce a high rate of development and good uni 
formity 

It was found that the developing agents were not as 
well characterized by measurements of contrast or 
emulsion speed as by density for a fixed exposure, and it 
is the measurement of this value which was used in the 
plots of Figure 2. The exposure (the fourth step 
of the wedge employed) has been selected so that the 
density lies on the straight-line portion of the charac- 
teristic curve, and the development cf this exposure to a 
density of 2.0 agrees with the degree of development 
normally employed for this product 


Fig. 1. Titration curves of buffers. These ions were 
employed to maintain the developers in the desired 
working range. (1) Sulfite, pH 7.0 (2) pyrophos- 
phate, pH = 8.5 (3) carbonate, pH = 10.0; (4) ortho- 
phosphate, pH = 11.5; and (5) hydroxyl, pH = 12.8. 
The shaded area indicates the buffering range employed, 
which is usually in the flat midpoint of the “pK” region, 
where the pH will be but littie affected by slight varia- 
trons in concentration. 


The rate of oxidation was measured by exposing 50- 
ml. quantities in unstoppered 120-ml flasks, the level 
being restored when made necessary by evaporation 
The photographic activity was determined by strips 
developed periodically in these solutions, the time 
selected being sufficient to give a density of about 2.0 
in the fresh developer. Discoloration has been expressed 
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in terms of the transmission of a l-cm. layer at 450 mu, 
as measured on a suitable spectrophotometer 

The solubility of the developing agents was measured 
in a high salt solution, as being more characteristic of 
concentrated developers for which solubility values are 
usually required This comprised sodium sulfite, 1.0 
molar; sodium carbonate, 0.5 molar; sodium bicarbon- 
ate, 0.5 molar; sodium hydroxide was added as needed 
to keep the pH ar 10.0 Increasing concentrations of the 
developing agent were tumbled in this solution until the 
saturation limit was reached 


Experimental Results 


l ctivity [he image density (of the fourth step 
is plotte 1 against the logarithm of the developing time 
in Figure 2. Note the highly linear character of the 
resulting curves. This linearity does not seem to be 
translatable into any simple kinetic expression, however 
In addition to the linear relationship, the curves are 
noteworthy in the strikingly similar slope, which varies 
only slightly from 3.3 density units per 1.0 log time unit 
This value is not, however, as will be shown later, a 
general property of all developing agents. The steeper 
slope of the hydroquinone monosulfonate in Figure 2d 
is a characteristic of restrained development, and slopes 
of 4 to § density units per log time unit were also obtained 
with bromided developers of low activity, such as 
hydroquinone at a pH of 10, and chlorhydroquinone at a 
pH of 8.5 


Fig. 2. Plots of the density of the fourth step against 


the log of the developing time. Figure 4 applies to 
hydroquinone, figure tt chlorhydroquinone, figure « 
to toluhydroquinone, figure d to hydroquinone mono- 
sulfonate, and figure ¢ to methoxyhydroquinone. 


Since, with the above exceptions, the density: log time 
urves are essentially parallel, the chief factor controlling 
the image formed at any time is the magnitude of the 
induction period, and this could be used as a measure of 
the activity. However, a more ‘“‘practical’’ value, 
applicable also to curves of varying slope, is to make the 
measurement for some fixed degree ot development 


The image density of 2.0, as mentioned above, corre- 


Table I 


STRUCTURE OF HYDROQUINONES AND DEVELOPER 
FORMULAS USED IN THESE TESTS 


Mols Grams per Liter 


Basic Developer 
Developing agent 0.02 2.2-4.2 
Sodium sulfite 0.2 25.2 
Buffer 0.qg 
Sodium hydroxide As needed co neutralize phenolic 

hydrogen (see below 


NaOH 


Mols at pH = 
10.0 11.5 


Agent Formula 12.58 8.5 


OH 


Hydroquinone 0.010 0.026 


Chlorhydroquinone 


0.036 0.04 0.006 


Toluhydroquinone 0.023 


Methoxyhydroquinone 


Sulfohydroquinone (hy 
droquinone mono- 
sulfonate, sodium 
sale 


).015 0.0380 0.04 


sponds to the degree of development normally obtained 
with this emulsion in practice, and it is the time required 
to reach this density value which is plotted against pH 
in Figure 3 and used as a basis for the activity figures of 
Table II 

A study of the pH response curves (Figure 3) discloses 
other differences between the agents in addition to those 
of rate. Hydroquinone, toluhydroquinone, and the 
monosulfonate are all similarly dependent on pH, a 
change of 1.0 pH units in the range of 8.5 to 10.5 making 
a large change (10X) in developing time, while a similar 
pH change produces only about half of this effect with 
chlor- and methoxyhydroquinones 

However, all respond similarly at the high end of the 
pH range and none of the hydroquinones were any more 
active at a pH of 12.8 than at 11.5. This behavior is 
probably connected with the ionic character of the de- 
velopment mechanism of hydroquinone,‘ ionization 
being completed in this range. The data of Reinders 
and Beukers' also show this leveling off at high pH, 
although their values did not extend as high 

2. Fogging Propensity. The tendency of the agents 
to give increasing fog, or non-image development, as the 
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activity of the developer rises, is indicated in Figure 4, 
where the fog level is plotted against pH for constant 
image development, density 2.0. This increase in 
fogging propensity becomes very important for methoxy- 
hydroquinone, which loses much of its selectivity as the 
pH is raised. This might be connected with decom 
position to hydroxyhydroquinone. In general, plots of 
fog:time were found to give a linear result as compared 
with the density: log time plots of Figure 2 

3. Contrast and Emulsion Speed. The contrast pro- 
duced by the unrestrained developers was very simular, 
except where fog interfered, gamma values of 1.9 to 2.2 
being measured for development to density 2.0 














10 
pM 


Plot of activity against pH. Curve | applies 
(2) to chlorhydroguinone; (3) to 
toluhydroquinone; (4) to methoxyhydroquinone; and 
(5) to hydroquinonemonosulfonate. Note the tendency 
to level off at high pH and the variations in slope in the 
rest of the range. 


Fig. 3. 
to hydroquinone; 


However, higher contrast was obtained by restraint 
produced either by (1) lowering the pH so that the rate 
of development was very low, or (2) by the addition of 
bromide. Under these conditions, the contrast rose to 
the range of 2.5 to 3.0. The emulsion speeds produced 
by the several developers were also very similar, and in 
the absence of restraint ranged from 75 to 140°% of an 
empirical *°100"" figure 

4. Bromide Effects. An 0.01 molar concentration of 
potassium bromide, or about 1.2 grams per liter, was 
added to the basic developer formula over most of the 
pH range. Density: log time slopes were similar to these 
given by the unbromided developer, although they were 
occasionally steeper, but displaced by about 0.3 log unit 
corresponding to an approximate doubling in ee 
time. The gamma-speed relationship was altere 
that at equal fourth-step density the bromided developers 
produced more contrast (2.6 to 3.0) and about half the 
toe speed. The bromide effectively restrained the 
fogging propensity of the toluhydroquinone and some- 
what reduced that of the methoxyhydroquinone. 


so 
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Table II 


RELATIVE ACTIVITY OF HYDROQUINONES 


Minutes for Density of 2.0 Activity 
at pH= vs 


Agent 8.5 10.0 11.5 Hydroquinone 


40 

3.5 15X*, 1.4X, 1.14 
2.5 4X*, 1.75X, 16x 
5 20X*, 4X 

20 » 1/5, 1/5 


4.0 
) 
) 


Hydroquinone i 
Chlorhydroquinone 36 K 
Toluhydroquinone 8 
Methoxyhydroquinone 28 

Sulfohydroquinone x 


* Based on D = 0.5 


3 


Rate of Oxidation 


1. Loss of Activity. The rate of oxidation was found 
dependent on (1) rhe pH, and (2) the nature of the de- 
coenlen agent. 

While both oxidation and activity increased with pH, 
the functions were not completely parallel, as shown in 
Fig. 5a, where the time of aeration in which the activity 
is reduced by one-half (half the normal density produced ) 
is plotted against the pH. It will be noticed that, where 
data are available, the acration life continues to decrease 
with increasing pH, although developing time was 
shown to reach a maximum 

The rate of oxidation of a given agent is not related 
directly to its developing activity. Thus, chlorohydro- 
quinone is appreciably more active than hydroquinone 
over the pH range examined, yet it was oxidized at one- 
third to one-half its rate. Also, while toluhydroquinone 
and methoxyhydroquinone were active developers, their 
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Fig. 4. Fog vs. pH. The fog, measured for a con- 
stant degree of image development, is seen to increase 
with pH, that is, the developers become less selective. 
However, like rate of development, fog formation does 
not increase above pH = 11.5. Curve 1, hydroquinone; 
2, chlorhydroquinone; 3, toluhydroquinone; 4, meth- 
oxyhydroquinone; 5, hydroquinonemonosulfonate. 





Table III 


SOLUBILITY OF HYDROQUINONES 
High Salt Developer, pH = 10.0 


Grams per Liter 


Agent Not More Than Not Less Tha 


Hydroquinone 40 60 
Chi whydroquin me yoo 400 
Toluhydroquinone 20 


Sulfohydroquino x 40 


#% oxidation was disproportionally rapid De 

loping activity was found frequently to decrease lin- 
arly with the time of acration, but, characteristically, 
persistent residual traces of activity were noted, presum- 
ably due to the developing properties of the oxidation 


/ 


products, the hydroquinone sulfonates 


2. Discoloration. The developers, when freshly mixed, 
essentially colorless and transmitted 90 to 95°; 
as much light as distilled water As they oxidized to 
yellow, these values fell to half and then through brown 
to values of the order of 1 and 2°) transmission before 
oxidation was complete 

However, the hue of the solution did not indicate de- 
veloping activity Thus, hydroquinone solutions lost 
RY, of their activity while decreasing only 20°), in 
transmission, that is, discoloring but slightly. On the 
other hand, the brown color of the oxidized methoxy- 
hydroquinone closely paralleled the decreased activity 


were 


of this agent 


Solubility 


The solubility of a developing agent ts often of interest, 
particularly in the preparation of concentrated develop- 
rs. In such cases, the salt content is likely to be par- 
ticularly high, reducing the developing agent solu- 
bility to a minimum. The alkaline nature of the de- 
cloper will, however, tend to increase the solubility, 
and it is a balance of these factors which is considered in 
Table III, where a high salt developer and a moderate 
pH (10.0) was employed. Note the wide range of solu- 
bilities of the several agents. While the high solubility 
f the sulfohydroquinone appears reasonable, it would 
been difficult to predict the high solubility of the 


hloro- and methoxyhydroquinones by purely structural 


have 


onsiderations 


Discussion 


Direct Comparison. The developing agents might 
be compared on several bases, but a logical one is at 
equal degrees of activity, adjusting the pH as necessary 
This comparison is shown in Table IN Ic will be seen 
that, even when adjusted to equal activity, the oxida- 
tion rates and fogging propensities of the several agents 
liffer considerably 
2 Theoretical Aspects The linear relationship be- 
tween density and log developing time does not appear 
to have much attention in the literature, al 
though such a relationship is shown for gamma by Elve 
gard® and appears also to have been recognized in prac- 
tical sensitometry, where a series of developing times is 
ted to progress in a more or less exponential 


received 


usually sC lec 


fashion. A logarithmic time plot has been used by at 
least one group of investigators to characterize developer- 
emulsion combinations. *® 

Ic has not been clearly pointed out previously that 
the developing activity of hydroquinone solutions reache 
a maximum at a pH of about 11.5, corresponding pos- 
sibly to complete 1onization, and, while this property is 
apparently clearly shown for these agents under this one 
set of conditions, it will be checked with other emul- 
sion-and-developer combinations. Also of interest from 
the theoretical viewpoint, although not previously un- 
realized, is the “a difference between the acrial 
oxidation and development (or silver halide oxidation 
mechanisms. Thus changes in pH do not produce the 
same effect on oxidation as on develenmetii also, the 
relative rates of oxidation and of development of the 
several agents show no correlation. Quite disappoint- 
ing from the theoretical viewpoint is the apparent lack of 
relationship to one another of the degree of ionization or 
acidity (indicated in Table I), structure, activiry, and 
solubility 


| 
5 


Fig. 5. Aeration properties. (a) Activity, (b) dis- 
coloration. (1) hydroquinone, (2) chlorhydroquinone, 
(3) toluhydroquinone, (4) methoxyhydroquinone, and 
(5) hydroquinonemonosulfonate. The time to lose (a) 
half of the activity as measured by the image density 
produced, or (b) to decrease 50% in light transmitted, 
has been plotted against pH. Note that the discolora- 
tion has, in general, proceeded more slowly than the 
drop in activity. 


3. Practical Considerations. The indication of an up- 
per useful pH limit for hydroquinone developers has 
practical cae py Ey since no gain of activity is indi- 
cated beyond a pH of abour 11.5, and higher values may 
decrease the aeration life 

It is also interesting to note how a given end may be 
frequently attained by alternate means. Thus, Table 
IV shows that the same level of activity may be obtained 
by employing hydroquinone at a pH of 10.5 or toluhydro- 
quinone at a pH of 9.9. The hydroquinone developer 
would have the advantage of better keeping properties, 
but a much better buffered developer could be obtained 
with the common carbonate and borate alkalies at the 
lower pH value, and this factor would favor the selec- 
tion of the toluhydroquinone 

Chlorhydroquinone appears to offer some advantages 
over the other hydroquinones examined, being quite 
active, very soluble, slow to oxidize, of low fogging 
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Table IV 


COMPARATIVE CHARACTERISTICS OF HYDROQUINONES AT EQUAL ACTIVITY 
D = 2.0 in 8 Minutes 


Agent pH Gamma 


Hydroquinone 10.5 
Chlorhydroquinone 10.2 
Toluhydroquinone 10.0 
Methoxyhydroquinone 9.0 


Sulfohydroquinone 


propensity, and less sensitive to variations in pH. How- 
ever, these results-do not necessarily apply to the im- 
pure chlorhydroquinones which have frequently been 
marketed, some of these showing poor keeping proper- 
ties. Specifically, solutions of one such commercial 
sample displayed only one-half of the aeration life of the 
pure chincapdenquiaane 

Also, the relative properties of the several hydro- 
quinones examined here are greatly modified, as will be 
shown later, by the common practice of combining them 
with other developing agents, such as p-methylamino- 
phenol. In such combinations many of the advan- 
tages of the chlorhydroquinone are lost. 


Acration Life 


Speed Fog Activity Hue 
24 hour 
60 hours 


4 hours 


8 hours 
28 hour 


85 15 
110 oy 
100 21 
100 20 
None that active 


? hour 
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MICROFILM IN INDUSTRY 


Fred F. Basom* 


oe wiptus of film are in general use as microfilm; 
8mm, 16mm, 35mm, and a more or less newcomer to 


the field, 70mm. The 16mm film, because of its narrow 
width, is limited in use to the photographing of cards, 
checks and office records; things to which reference 
need not be made too often. It has a specific advantage 
in that it is inexpensive for work which would not often 
need to be sapelaeed again in the original size. Due to 
the narrowness of the 16mm film, the inherent curl 
caused by spooling is a detriment. Kinking, causing 
excessive breakage and damage to the film, frequently 
results 

The 35mm film covers a much larger field to more 
practical advantage than can be done with 16mm film 
Books, both single and double spread, newspapers, 
music, courthouse data, legal papers, office records—all 
things from which it is Tikely that sometime in the 
future a client may possibly want a full-size reproduction 
—are satisfactorily photographed on 35mm film. For 
high quality reproduction 35mm microfilm is probably 
the most widely used size today 

Recently 70mm film has come to be used for microfilm- 
ing. The 70mm film is ideal for engineering drawings, 


* University 
PSA National Convention in 
Received 14 April 1952 


Microfilms, Ann Arbor, Michigan. Presented at the 
Detroit, Michigan, 10 October 1951 
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reproduction of pooner gare wy maps, and larger size 
originals which wouid suffer greatly through loss of 
resolution by photographing on 35mm microfilm. It is 
entirely possible to reproduce an engineeting drawing 
in full size from a 70mm microfilm negative. In certain 
cases, by proper selection of filters, it ts even possible to 
improve the legibility of the originals 


Shrinkage 

Microfilm requires a wet process and material when 
wet and dried again tends to shrink. In some cases it 
may shrink slightly in one direction and increase in 
size in the other direction. This is inevitable, although 
film manufacturers have made considerable progress in 
decreasing the amount of shrinkage in their negative 
and positive materials and are still working in that 
particular field 

Shrinkage actually is of very minor importance 
Every engineering student is taught not to scale a draw- 
ing. All toolmakers and shopmen are taught not to 
scale a drawing. If the drawing lacks dimensions it 
is sent back to engineering for correction. Consequently 
shrinkage is of little importance in a full-size reproduc- 
tion of engineering drawings from a microfilm. 

Aenesatins motion picture film, which has completely 
replaced nitrate base films in this country, tends to swell 
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luring processing, to shrink back again during drying, 
and continues to shrink at a decreasing rate throughout 
the life of the film. During the last few years improve- 
ments in the manufacture of film base have reduced these 
effects to about one half of their magnitude 10 or 15 
years ago. Shrinkage is classified as “‘permanent,” 
irreversible) and temporary’ (reversible). Both 
types are largely dependent upon the nature of the film 
base, although the emulsion, since it is considerably 
more hygroscopic than the base, has a marked influence 
on reversible shrinkage. Permanent shrinkage occurs 
from loss of residual solvents, loss of plasticizer and 
also to a slight extent to the gradual climination of 
strains introduced during the manufacture or processing 
Permanent shrinkage is accelerated to some extent by 
high humidity, probably because the diffusion of 
solvents is aided by the presence of moisture, and to a 
much greater degree by high temperatures. The relative 
humidity of the air in contact with the film is almost 
the sole factor in determining the moisture content and 
this in turm governs the amount of temporary shrink 
or swell 

Like most materials, photographic film expands with 
heat and contracts with cold. Film will expand about 

woths per cent in length for every 10 degrees Fahren- 
heit increase in temperature, at a Constant moisture con- 
tent. However, it generally happens that the relative 
humidity drops in cases where film is exposed to heat. 
Since the effect of humidity is greater than that of heat, 
the net result is usually shrinkage 


Microfilming Equipment 


There are several microfilming cameras on the market 
that will handle both 16mm and 35mm and also 70mm 
film. Some cameras will handle 16mm and 35mm film, 
others are built to handle just one specific width of film 
Processing equipment is something that is slightly 
less perfected at the moment than are the cameras 
However, it is possible to purchase continuous processing 
equipment for the processing of microfilm in all three 
S1zZes 


Microfilm Readers 


It was only in the last year or year and a half that a 
really satisfactory 35mm film reader was placed on the 
market. This reader of course is easily adaptable to 
the use of l6mm film. However, the reader for 70mm 
film is manufactured by only one company, is expensive, 
and I believe some improvements can be made in its 
design 

It is quite possible to purchase all of the necessary 
things with which to make the exposures, print the 
film, and do the completed job of processing both 16mm 
and 35mm film. This of course includes cameras, de- 
veloping tanks, printers, rewinds, spools, and the entire 
< omple ment ot necessary matcrial and equipment. 
However, 70mm film is an entirely different problem. 
One may purchase 70mm cameras, printers, processing 
tanks and there we have it. From here on we are on 
our own. We must in order to have rewinds rebuild 
standard 35mm equipment. Likewise we must do the 
same with splicers know of none on the market today. 
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The 70mm film presents little difficulty in processin 
due co the fact that we are able to purchase ensure’ 
or electric-powered developing tanks. However, the 
problem of drying the film is troublesome. It is pos- 
sible, however, to dry the film on large diameter drums. 
These of course take up plant space and they are neces- 
sarily slow. We have designed and built for our own 
use a drying cabinet with automatic controls which we 
are mul running at 3750 feet an hour. We have 
operated at 6,000 feet per hour 


Relative Sizes of Microfilms 


It might be interesting to compare the relative sizes of 
16mm, 35mm, 70mm microfilms. The i6mm frame is 
.058 square inches. It is '/2srd of the area of 35mm 
frame. The 35mm frame, in turn, is 1-*/s square inches 
in area. The 70mm frame is 8.43 square inches. We 
find the 70mm frame 6-'/ oth times the area of the 35mm 
frame. The 70mm film has an area 145 times greater 
than does 16mm film. 

Microfilm in industry presents many economics. For 
example, if engineering —— are stored in a frame 
building of the military barracks variety the insurance 
rate would be $1 per $100 valuation per year. If the 
same drawings are stored in a brick or fireproof building 
of modern construction the insurance would be 10 cents 
per $100 per year. If we should take a hypothetical 
case of 25,000 drawings valued at one million dollars 
stored one year in a barracks type building, the insurance 
would be $10,000. In a fireproof building the insurance 
would be $1,000 per year. As many of you know, the 
actual value of such drawings may be little. The 
reproducing of these drawings by the manual method 
— cost in the vicinity of $40 per drawing 

Something might be said about the amount of room 
consumed in the storage of engineering drawings. For 
example the standard D size sheet which is 24 by 36 
inches would require for the storage of approximately 
310 drawings a cubic area about 3 x 24 x 36 inches. 
The same number of drawings photographed on 70mm 
film, stored in individual acetate envelopes would occupy 
a cube 3x 4x 6inches. The pile of original drawings 
would occupy 2592 cubic inches. The microfilm only 
72 cubic inches of file space 

If 25,000 engineering drawings measuring 24 by 36 
inches were stored in a cabinet of the § section variety, 
each section containing five drawers 2 inches deep, the 
25 drawers holding 150 drawings per drawer, the entire 
cabinet would hold 3,750 drawings. A unit such as 
mentioned above lists on the market today as $396.40. 
The above mentioned number of drawings would require 
7 cabinets at a cost of $396.40 cach or a total of $2,774.80 
for cabinets alone. It would be entirely possible to 
place this entire file, if photographed on 70mm film and 
each drawing cut up and placed in an acetate envelope, 
in a fireproof microfilm file cabinet costing $215. This 
cabinet provides 9 drawers divided into four sections 
totaling 874 lineal inches of storage space. One cabinet 
costing $215 can easily accommodate 44,640 70mm nega- 
tive in envelopes, thus saving $2,489.80 on cabinets 
alone and still provide approximately 70 per cent addi- 
tional room for further expansion of the original file 
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PSA TECHNICAL DIVISION SYMPOSIUM 


PHOTOGRAPHY IN MEDICINE AND BIOLOGY 


The following invited — will be presented at the 1952 PSA National Convention at the Hotel New 
h 


Yorker on August 12th 
fields 


aid in advancing, documenting, and teaching these sciences 
riety and for pointing up the technical skill needed in solving some of the problems 
important role of routine, conventional methods is made obvious by the diversity of uses 


¢ symposium presents photography at work in the medical and biological 
Emphasis is on the numerous ways in which general and specialized photographic techniques 


Some specific techniques are included for va- 
Nevertheless, the 
Outstanding 


authorities in educational, medical, and photographic fields will not only present the material but will 


also be on hand for a discussion period 


The Changing Ideology of Medical Teaching Motion Pictures, 
David S. Ruhe, M.D., Medical Audio-Visual Institute of the 
Association of American Medical Colleges, Chicago, Illinois. 

ABSTRACT. This field needs individuals who combine basic training 
in the medical sciences with talent for audio-visual communication 
and teaching. Thorough training and experience in the audio-visual 
skills are required to avoid the risks of haphazard apprenticeships 
Discovery, training, and placement of such individuals require a well- 
conceived audio-visual program based on modern knowledge and vigor- 
ously applicd. Educators will be convinced of the merit of fooled 
teaching films as soon as medical motion pictures achieve acceptable 
quality and have been scientifically tested by integrated teaching pro- 
grams in the classroom, the staffroom, and in the clinic. Good groke 
rion will only result from good methods. New film patterns must be 
devised that are different from the present verbal-imitative ones 


Purposes of Photography in the General Biological Sciences, 
Wayne M. Hull, M.D., Omaha, Nebraska. 

ABSTRACT. Various —o of photographic procedures em- 
ployed in recording the technical features of biological specimens in 
educational and research activities. Various techniques in high mag- 
nification photomicrography by infrared, ultraviolet, and fluorescent 
illumination are demonstrated and the value of dark field, phase con- 
trast, and polarized illumination, utilizing direct and transmitted light- 
ing arrangements. Specialized equipment including the electron micro- 
scope and centrifuge microscope are described and a 16mm motion-pic- 
ture film will be shown illustrating time-lapse photography of the vital 
processes. The use of photographs in the study of growth processes, 
cellular physiology, reproduction, genetics, and the effects of drugs, 
chemical agents, and environmental influences will be emphasized 


Photography in Medical Research, Merrili W. Chase, Ph.D., 
The Rockefeller Institute for Medical Research, New York, 
New York 

ABSTRACT. The purpose of a medical research photograph may 
be for record or for illustration of experiments. Subjects include both 
lifeless and living specimens and the latter may be more valuable than 
film or the photographer's time. Special technical aspects include 
lighting problems, light source problems, time-sequence studies, 
seriatim views, etc. Specialized equipment may be required 

Applications of Photography in a General Hospital, Leonard A. 
Julin, FBPA, Mayo Clinic, Rochester, Minnesota. 

ABSTRACT. In the popular mind, photography in a general hospital 
means “before and after’’ pictures of patients. There are many other 
applications, depending on the size of the hospital staff and the nature 
of its activities. Various applications of photography in a general 
hospital are explained: staff conferences, case histories, laboratory re- 
ports, progress records, scientific papers, exhibits, instruction, and 
public relations. A description of some special photographic equip- 
ment and technique is included 


Modern Photomicrography, Oscar W. Richards, Ph.D., FBPA, 
American Optical Company Research Laboratory, Stamford, 
Connecticut. 

ABSTRACT. The nature of the specimen and the needs of the in- 
vestigation determine the choice of the microscope. The camera adds a 
light-tight holder for the sensitive film and means for focusing. These 
may be simple or conveniently elaborate; of fixed or variable magnifica- 
tion. Assuming proper specimen preparation, illumination is funda- 
mental to success. It is usually easier to use standard Kohler illumina- 
tion than to approximate good lighting by trial and error. An ideal 
source should be uniform, of proper color temperature, readily magnifi- 
able co fill the field and aperture of the microscope, and intense enough 
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for short exposures. Use of zirconium and electronic flash sources of 
illumination will be described. Problems of color and of special 
microscopes (polarizing, fluorescence, ultraviolet, infrared, and phase 


will be discussed briefly 


The Place of Photography in Ophthalmology, Dan M. Gordon, 
M.D., Cornell School of Medicine, New York, New York 

ABSTRACT. The camera has become one of the most important 
medical instruments of our day. Photographs are valuable as teaching 
aids and also as permanent records. It is becoming almost axiomatic 
that anywhere that the doctor can go visually the camera should be 
able co go photographically. The ophthalmologist can easily photo- 
gtaph the external eye with the still camera, the eye and its movements 
as well as eye surgery with the movie camera, and the internal eye with 
the fundus camera. With che aid of newer techniques, the structures 
which are accessible with the slit lamp microscope are now becoming 
accessible to the camera. It is the purpose of this paper to demonstrate 
the broad spectrum of photography within the fields of ophthalmic 
teaching cal gonaties 


Elimination of Shadows in Macropbotography, Louis J. Dogin, 
Nutley, New Jersey. 

ABSTRACT. One of che problems ever present in photographing 
bone and tissue sections of treated experimental mice is that of elimi- 
nating the shadows caused by the motes 4 flood lamps. Another 
problem is the evaporation of volatile liquids used as the media. By 
the use of a circular mirror, the center of which was cut out and the 
lens of the camera inserted, it was possible ro eliminate both problems 
Color film slides will be shown of some of the work done with Cortisone 
and other research products used in arthritis and gout under the direc- 
tion of Dr Alexander B. Gutman, medical and research director of the 
Mc. Sinai and Goldwater Memorial Hospitals. 


The Application of Color Photography to a Cleft Lip and Palate 
Research and Trainin, am, Frederick T. Sharp, Division of 
Services for Crippled Chi dren, University of Illinois, Spring- 
field, Illinois. 

ABSTRACT. Several years ago, through a grant from the United 
States Children's Bureau, the University of Illinois set up the Cleft 
Palate Center of the Division of Services for Crippled Children. The 
role of photography in this pon of education and training is an 
indispensable one. The technique of obtaining the photographic 
records with a one-shot camera and special lighting setup will be dis- 
cus 


Autoradiography, Patrick J. Fitzgerald, M.D., Sloan-Kettering 
Institute for Cancer Research, New York, New York. 

ABSTRACT. The discussion covers practical applications of auto- 
radiography in treating diseases Rediceutographs demonstrate 
radioactive iodine (1'*') in diseases of the thyroid; radioactive gold 
Au™) in the study of patients with carcinomatoses; and radioactive 
hosphorus (P**) in patients with leukemia. Supplemental studies 
eon been made of nucleic acid in metabolism, using the C'* label in 


adenine, guanine, and 2-6 diamino purine, with yeast, paramecia, and 


animal tissue. Points of technique and other applications are also 


dealt with 


Close-Up Photography in Insect Research, Roman Vishniac, 
New York, New York. 

ABSTRACT. The phoromacrography of insect phenomena, such as 
the metamorphosis of the cecropia recently described in Life magazine, 
requires a careful technique. The resolving power and depth of field 
at close working distances are critical. Setups and methods will be 
discussed. 
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Endoscopic Photography, ©. Graham Eddy, FBPA, U. S. 
Veterans Administration, Washington, D. C. 
ABSTRACT. It is 


mdi trons 


lifhcule enough to construct instruments for 

visualizing « inside the human body through various orifices 

It is even more exacting to produce cameras with which co record such 

fields. Methods will be discussed and the value and applications of 
h photography described 
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High-S; Motion-Picture apby and the Human Subject, 
John H. Waddell, Wollensak Optical Co., Rochester, New York 

ABSTRACT. A review will be given of high-speed photographic ef- 
forts in photographing and portraying the action of numerous organs 
The bend ow ues and results from the high-speed photographs of the 
laryox, pees msl heart, and muscular actions will be discussed. A 
motion picture will be shown covering these typical subjects. 


PHOTOGRAPHY IN ENGINEERING AND SCIENCE 


This symposium is a result of the success of the Symposium on Industrial Photography held at the 1951 


Detroit PSA Convention 
13th in the Hotel New Yorker North Ballroom 
the Symposium 
proach 

that they car 


Ie will be given at the 1952 PSA Convention in New 
In some respects an amplification of the 1951 meeting, 
m Photography in Engineering and Science 1s broader in scope yet more — in ap- 
Selected applications demonstrate the ability of photography to record physical p' 

be evaluated with the required degree of precision 


York City on August 


enomena so 
Included are examples of the use of 


motior - ures as tools in doing instrumentation jobs which cannot be accomplished so eth 


if at all, by other means 


grapt together with the r 


Industrial Photography as a Tool For Engineers, G. H. Gustat, 
Eastman Kodak Company, Rochester, New York. 

ABSTRACT. The limitations of the human eye in seeing the details 
happening during a fast operation (either mechanical or 
hemical in nature) makes the use of photography a highly valuable 

Training programs and instructional macerial become clearer 
and more effective if they are supplemented by still or motion pictures, 
t both. Ideas are easier to sell if pictures are used to implement the 
sales te The engineer, particularly co sell factual informa- 
mvincing medium 


{ what is 
' 


chaique 
n, finds photography a « 


Photography in Steel Research, Robert A. Buchanan, United 
States Steel Company Research Laboratory, Kearny, N. J. 
ABSTRACT. This paper deals primarily with the use of high-speed 
tion-picture ph otography in steel research. Several applications are 
mentioned and illustrated, but the major portion of the paper is devoted 
graphic study of the combustion zones of blast furnaces. 
lication 1s considered the most important, and it is one in which 
c has made the first use of full color. The photographic 
problems encountered in filming blast furnaces are discussed, as well as 
the valuable technical data derived from che films 
Photography in the Textile industry, Melvin Siegel, Jean 
Ribbon Mills, Inc., Paterson, New Jersey. 
ABSTRACT High-speed still and motion pictures, and time-lapse 
1 other types of photography the design of textile 
nachinery, permitted the observation and recording of various phenom- 
a otherwise impossible to study, and facilitated recording of all typxs 
Research # various types have been aided materially by 
! micrographs diffraction, and fluorescence, ultraviolet, 
and infrared photograp! Examples of such applications are discussed 


and illustrated 


a have aided 1 


{data tudics 


x-ray 


Photography in Electronics, H. P. Mansberg, Allen B. DuMont 
Laboratories, Inc., Clifton, New Jersey 
ABSTRACT The electronics industry in its continuous advancement 
has made increasing use of photographic processes and techniques, both 
the manufacture of electronic equipment and in the application of 
tro device The marking of control pancis, nameplates, and 
lials by photographic methods is a well-established field in itself. More 
rcer photography has made possible the printing of entire circuit 
rve yMponen ts such as resistances capacitances, 
f the most important applications of photog 
@ traces from cathode-ray tubes, not only for 
guided missiles, and re- 


trical 
One 
ecor i, 
w radar, telemetering 
ty and oscill grapns 
The Photography of High-Speed Cathode-Ray Oscilloscope 
Traces, Harold J. Peake, Naval Research Laboratory, Washing- 
ton, D. C. 
ABSTRACT. In the 
waveforms represer 
cot. The best 


lectronic art, the need is for means to record 
r-faster rates of change of voltage or cur- 
ding is photography of the trace pro- 
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Other examples show the types of information derived from photo- 
le of photographs in disseminating such information 


duced on the screen of a cathode-ray tube. When the trace velocity is 
increased, increased sensitivity of the oscilloscopic recording system is 
required. To meet this need, a study has been made of camera lenses, 
film types, and processing methods, to determine the best combination 
The camera developed as a result of this work is the Edgerton, Ger- 
meshausen, and Grier Type 3114, equipped with a Wray £/1.0, 2-inch 
lens. In all, about a thousand combinations of film types, developer 
composition, and development time were tried. By pre-exposing th- 
film and developing it to a background density of 0.3 co 0.4 in DK-60a 
developer (about 25 minutes at 20C), it has been possible to show clearly 
changes in voltage which occur in one ten-billionth of a second—the 
time taken for a light ray co travel about 1 inch 


The Use of Photography in Television, Herbert Barnett, General 
Precision Equipment Corporation, New York, New York. 

ABSTRACT. The extensive uses of photography in television are 
described. Motion-picture photography ts widly represented ; applica- 
tions include standard feature films, films made specifically for television, 
films carrying commercial messages, films for integration with live 
sequences, and films for background projection Sull photography is 
represented by slides and “‘opaques’ — for commercial messages, 
for titles, and for special effects, as well as scenic studies for the designer 
Estimates are given of the volume of use of photographic materials 


Photography in Highway Research, Allie C. Peed, Jr., Common- 
wealth of Kentucky Highway Materials Research Laboratory, 
Lexington, Kentucky. 

ABSTRACT. Many applications of | one or contribute to the 
advancement of highway technology. Conventional applications such 
as acrial photography, photogrammetry, and — and plan reproduc- 
tion make up the bulk of photographic use in highway engineering 
work. In highway research, however, unique photographic techniques 
make possible the advancement of studies that are well documented, 
clearly illustrated, and backed with permanent photographic records 
which can be easily interpreted. These records are often made in loca- 
tions or at time intervals which are unavailable except through photog- 
raphy 


Motion-Picture and Flash Photography for Mechanics Research, 
Clifford C. Hauver, Naval Research Laboratory, Washington, 
D. C. 


ABSTRACT. In the work of the Mechanics Division of the Naval 
Research Laboratory, the usual need has been for high-speed motion 
pictures by reflected light without significant loss in detail, to show, for 
example, the fracture of transparent plastics. On a few occasions, time- 
lapse motion pictures—the opposite of high-speed pictures—are desired 
to show, for example, the motions involved in the creeping advance of a 
crack in ductile metal foil under a tensile load. The important problems 
from a practical viewpoint are sharpness and depth of focus over the en- 
tite Mage, accurate sequence of events in time, and shorter ume intervals 
between frames. The methods employed to reduce these difficulties, 
principally improved illumination, improved timing techniques, and 

certain new arrangements of equipment, are discussed 
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Hand-Held Tracking Camera, R. L. Kaplow and M. Beard, 
U. S. Naval Ordnance Laboratory, White Oak, Silver Spring, 
Maryland. 

ABSTRACT. In the process of testing and evaluating new weapons, 
it became apparent that existing instrumentation methods were entirely 
inadequate to study the behavior of aircraft mines during launching and 
air flight. The Photographic Division of the Naval Ordnance Labo- 
ratory undertook the development of photographic equipment which 
would permit visual observation and evaluation of the various tests 
A camera mount was finally evolved which permitted precision manual 
tracking of the missiles from release to water impact. The unit was 
designed for use with a 15-power telescopic lens and a slow-motion 
camera. The resulting films are evaluated by means of a standard 
motion-picture projector 

Photography Helps Develop Rockets and Guided Missiles, R. W. 
Herman, U. S. Naval Ordnance Test Station, Inyokern, China 
Lake, California. 

ABSTRACT. Photography plays an important role in the testing of 


rockets and guided missiles. The theory and history behind various 
data-gathering methods are described. The principal ballistic param- 
eters are classified and basic techniques for measuring them are de- 
scribed, together with some of che problems involved in applying these 
techniques. This study forms the basis for a discussion of new and 
future Cevelopmencs in the field of measurement photography 


Photography in Rocket Research, Henry M. Cobb, Ballistics 
Research Laboratories, Aberdeen Proving Grounds, Aberdeen, 
Maryland. 


ABSTRACT. Methods of obtaining ballistics data on guided missiles 
are reviewed with emphasis on recently na = a used to 
fulfill data requirements of guidance problems. The use of photographic 
techniques, the advantages and limitations of the ae ony method, 
and the scope of the optical instrumentation program have had a con- 
siderable iahseace upon the guided missile test program carried out at 
White Sands Proving Ground in New Mexico 
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Technical papers in the field of photography scheduled for presentation at the 1952 Annual Convention 
of the PSA, Hotel New Yorker, New York City, August 12th to 16th 


Cold-Cathode Light Source Potentials in Photography, David B. 
Eisendrath, Jr.. APSA, Brooklyn, New York. 

ABSTRACT. The characteristics of cold-cathode light sources make 
them particularly applicable for photographic use. Factors which 
contribute to the increasing popularity of this illuminant are: accurate 
shaping of small-diameter tubing to any design and any length; con- 
trol of color emission by variation of gas or phosphor, and selective 
filtering; constancy and evenness of illumination with continuous or 
intermittent use; and long life with minimum heat. Several examples 
of photographic applications will be shown. 


Developments in Variable-Contrast Controls, W. J. Cannon, 
E. I. du Pont de Nemours & Company, Inc., New York, N. Y. 

ABSTRACT. The history, current uses, and future possibilities 
of variable-contrast sensitized materials. Equipment and procedures 
developed for the progressive photographic use of such materials are 
described 


The Depth of Focus and Depth of Field of Photographic Optics, 
Johan D. Hayes, Bausch & Lomb Optical Co., Rochester, New 
York. 

ABSTRACT. Two of the most frequently confused fad misused 
terms in photography today are depth of focus and depth of field 
This paper attempts to set forth in a nontechnical manner the correct 
differentiation between the terms, and at the same time illustrate 
their interdependence. Graphical rather than mathematical means of 
illustration are used, though formulas representing more rigorous inter- 
pretation of the phenomena are included for the benefit of those who 
wish co make calculations of their own. The meaning of circle of 
confusion as it applies co both depth of focus and depth of field is illus 
trated and explained. The effects of lens aperture, focal length, sub- 
ject distance, and image magnification are also reviewed 


Resolution—Sharpness—- Photographic Quality, Duncan E. Mac- 
donald, Boston University Physical Research Laboratories, 
Boston, Massachusetts. 

ABSTRACT. Focal settings for maximum resolution and minimum 
flare do not necessarily coincide revious work has shown that 
the setting for maximum image contrast is a function of the image size 
This paper presents experimental results showing probability of detec- 
tion (and recognition) of photographic detail as a function of focal 
setting for the case of a lens exhibiting spherical aberration. Various 
image sizes are treated co illustrate that neither a single resolution nor a 
single sharpness criterion relates to the ability of the photographic 
system to detect random symbols in pictures. The results are employed 
in a re-examination of the objectives of technical photography 
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Submarine Periscope Photography, J. C. Milligan, Kollmorgen 
Optical Corporation, Northampton, Massachusetts. 

ABSTRACT. A brief description is given of the space in which a 
hotographer must work when he is using the periscope as a camera 
The problems of record and reconnaissance photography are discussed 
and the available externally mounted cameras are described. Ex- 
posure determination, focusing procedures, the use of ray fileers, and the 
rocessing and printing of film aboard a submarine are discussed 
Illustrations showing equipment as well as examples of results ac- 
company the text. 


Evaluation of Photographic Lens Performance on the Basis of 


Laboratory Tests, Frank G. Back, APSA, The Zoomar 
Corporation, New York, New York. 

ABSTRACT. In recent years, it has become apparent chat the old 
methods of lens testing with resolution chart and optical bench do not 
give sufficient indications of the photographic performance of the ob 
jective. Since photographic tests involve the uncertainties of film 
emulsions and processing, it is desirable to have dependable testing 
methods that are purely optical. Reasons for the failure of the old 
methods will be discussed and practical supplementary methods for 
ascertaining lens performance without photographic tests will be 


described 


Simplified Calculation of Stereo Interocular Distance, Samuel 
Kitrosser, Polaroid Corporation, Cambridge, Massachusetts. 

ABSTRACT. A calculator, in the form of a circular slide rule, 
has been designed for determination of the proper distance between 
the two taking stations in stereo photography. The scales take into 
consideration various factors, such as the near and far subject-to-camera 
distances, the focal length of the taking lenses, the width of the nega 
tive images, and also the conditions under which the stereogram is ¢ 
be viewed. The theory of the calculator and its practical application 
in still and motion-picture stereo photography will y mele 


Kinetics of Development of Liquid Photographic Emulsions. 
Part Il. Development by Hydroquinone, T. H. James and L. J 
Fortmiller, Kodak Research Laboratories, Rochester, N.Y. 

ABSTRACT. The kinetics of development by hydroquinone in the 
pH range 9-13 have been studied by the liquid emulsion technique pre 
viously described. The course of development shows a are pa c 
tion period during which the slope of the density: cime-of-development 
curve increases. The rate is approximately proportional to the con 
centration of hydroquinone and decreases to a minimum as the con- 
centration of sulfite increases. The pH dependence of the reaction in- 
dicates that the bivalent ion is the effective developing agent in the 
later stages of the reaction. The univalent ion plays some part during 
the induction period, but the specific rate of development by the bi 
valent ion is greater by at least two orders of magnitude 
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The Use of Proteolytic Enzymes For the Removal of Gelatin 
From Film Base, Eugene Gansel, Ansco Research Laboratories, 
Binghamton, New York. 

ABSTRACT. In the reclamation of used film base, the process of 
separating the emulsion and noncurling gelatin layers from the plastic 
support must be controlled if the recovered material is to be re-usable 
The most common methods of reclaiming film scrap have been evaluated 
The use of proteolytic enzymes for the removal of gelatin layers from 
photographic films has been investigated. Economic use of these new 

organic catalysts’ and the need for satisfactory evaluation procedures 
and rigid process controls will be discussed 


Extension of the Vector Method for Sensitometric Evaluation 
of Color Film and Paper, S. A. Dolin and M. H. Sweet, APSA, 
Ansco Research Laboratories, Binghamton, New York. 

ABSTRACT. Extended applications of the vector method (de 
scribed earlier by one of the authors) co various phases of sensitometric 
evaluation have becn investigated. The vector method has been found 
particularly suitable for daily plotting of large amounts of color test 
material. Quality-control limits can be set more satisfactorily than 
by the usual methods of plotting the integral density readings directly 
Two transformation grids have been devised. One is used for obtaining 
analytical density data from the vector plot, the other to interpret the 

haracteristics wa print Matcriai in terms of the color corrector hilters 
necessary for modifying the printing light ro yield a balanced reproduc 
tion 


Materials of Construction For Photographic Processing Equip- 
ment, L. E. Muehler and J. 1. Crabtree, FPSA, Kodak Research 
Laboratories, Rochester, New York. 

ABSTRACT. The variety and number of materials 
for photographic processing equipment have increased notably with 
advances in the development of stainless alloys and plastic and other 

onmetallic materials. Materials can be selected by laboratory testing 
correlated with practical experience. Only a few single metals can be 
utilized, and these only for specific purposes Alloys can be 
according to relatiy general phon graph 
realicy require special care to insure long 
usefulness. In fabricating stainless-steel equipment, proper welding is 
the preferred method of mir Some suggestions and precautions 
about equipment and its use will be pre i 
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Personnel Identification Photography, T. T. 
Graflex, Inc., Rochester, New York. 

ABSTRACT. The requirements for photographic identification 
f personnel and the types of equipment used in making the pictures 
will be reviewed. Different types of identification badges =a passes 
will be discussed, as well as the various safety and tamper-proof features 
available, 


Holden, APSA, 


Some Design Features of a Wide-Film Continuous Processing 
Machine, J. 8. Goldhammer, Wright Air Development Center, 
Dayton, Ohio. 

ABSTRACT. Design features of the Air Force Type A-9 Processing 
Machine are described and explained. This machine achieves high 
capacity and flexibilicry through the application of unusual desigt 
features combined with clements of conventional nature The proc 
essing machine is 10 feet long, including the drier. However, aerial 
film can be immersion processed at 20 feet per minute in normal D-1 
Developer used at 85F and without added wat hy 


A Porous-Platen Processor For Processing Photographic Ma- 
terials in Room Light, R.G. Rudd, Kodak Research Laboratories, 
Rochester, New York. 

ABSTRACT. Simple equipment has beer 
Kodagraph Autopositive and Repr 
fice in normal room 
sponges, a 
blotters, all 


developed for processing 
Negative Papers in a business 
consists of a printer, applicator 
ous processing platen, wit dshield-wiper squeegecs, and 
ontained j ¢ two processing 


illumination It 
1 in one small file dr 
solutions are applied with the sponges while the paper is held in contact 
with the porous plater A satistactory porous platen can be made 
easily and inexpensively from plaster of Paris, and n be used for 
processing a hundred or more prints 


awer 
it ca 


Quality Color Prints Produced in the Camera, John R. Kane, 
Ansco Division, Binghamton, New York. 

ABSTRACT High-quality color pr 
Ansco Printon in the camera. Si m 


1, the problen 


parency is used, pr 


s can be obtained by exposing 
rmediate negative 


lateral reversal 


r trans 


of the image i 
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Exposure indexes double those of transparency color film 
ossible by proper 
Color prints 
photography 


Improved Lacquers For Increased -_ of Prints and Trans- 
parencies, Hubert O. Ranger, South Hadley Falls, Massachusetts. 

ABSTRACT. The protective powers of lacquers have been investi- 
gated. By taking advantage of the unique characteristics of recently 
developed chemicals, including resins, it has been — to formulate 
satisfactory lacquers. Commercially available chemicals have been 
found valuable in contributing to the life expectancy of photographs 
The investigation demonstrates the usefulness of lacquers formulated 
specifically for color materials and the need for greater emphasis on the 
use of lacquers where permanency is desired 


Some Aspects of Two-Bath Fixation, }. 1. Crabtree, FPSA, R. W. 
Henn, APSA, and R. F. Edgerton, Eastman Kodak Company, 
Rochester, New York. 

ABSTRACT. The useful life of a print fixing bath is largely de- 
termined by the silver content. The accumulation of silver in the 
second of two fixing baths is dependent on the silver content of the 
emulsion and the amount of image developed, but is shown to vary 
greatly with the rate of carry-over from the first bath. It is customary 
to advance the relatively fresh second bath to replace the first at the 
end of each cycle. More silver is introduced into - system on succeed- 
ing cycles, but equilibrium is soon reached with possibly a one-third 
increase in the silver content of the second bath. The possible intro- 
duction of contaminants prevents indefinite replacement, and + limita 
tion of five cycles is suggested. Nevertheless, the economy of two- 
bath fixation ts considerable 


involved 
needed for practical portrait exposures) are made 
adjustment of the exposure-development relations’ P 
can be exposed by all light sources normally used in color 


Procedural and Technical Details Important to the Expert 
Photographic Witness, R. C. Hakanson, Cleveland, Ohio. 

ABSTRACT. Specific work methods are described which have 
proved effective in legal evidence photography. These include the 
identification of the photographs which the specialist has taken under 
the general rules of evidence and avoiding the pitfalls of ambiguity and 
ybscurity which might result from technical phraseology. Easily 
understandable methods are described by which the photographer may 
identify his own work, from the stage of making an exposure up to the 
lescription in open court of the circumstances attending the exposure 


Uses of Kodalith Film in the Examination of Questioned Docu- 
ments, joseph Tholl, Cleveland, Ohio. 

ABSTRACT. Kodalith film has proved a valuable medium in the 
examination of questioned documents. When developing, lighting, 
and exposure are es aap controlled, this film yields satisfactory results 
in document problems such as the photography and decipherment of 
paper textures, mechanical and chemical erasures, faint and illegible 
writing, pencil writing, embossed impressions, etc. Reasons for its 
effectiveness are discussed, and special applications such as photomacro- 
graphs, ultraviolet photographs, bas-relief photographs, shadow aphs, 
and test plates and graphs are described. Case examples and illustra- 
tions are included. 


Exposure Meters in Action—A Survey of Practical Experience, 
Allen Stimson, APSA, General Electric Company, West Lynn, 
Massachusetts. 

ABSTRACT. A controversial item of photographic equipment has 
been evaluated statistically. Individual experience and circumstantial 
tests have proved to be of little significance in prescribing the use of an 
exposure meter. Averaging the results of reading 24 different meters in 
making 1100 pictures of 300 scenes has elucidated the principles io- 
volved. A summary of these results obtained after four years of testing 
and analysis is given. The data show when co measure reflected light, 
when co measure incident light, where to point the meter, and how to 
interpret the reading 


New Medium and Process for Photoengraving, S. Donald 
Stookey, Corning Glass Works, Corning, New York. 

ABSTRACT. A photoengraving procedure has been developed 
which utilizes acid etching but requires no acid-resistant surface coat- 
ing. The method consists of forming in a special type of photosensitive 
glass an acid-soluble three-dimensional photographic image, then 
etching the image to any required depth with dilute hydrofluoric acid 
The rate of etching is up to 50 times faster in the exposed and developed 
image than in the unexposed glass. Possible advantages over photo- 
engraving of copper and zinc for halftone reproduction and applications 
in letterpress and gravure printing will be discussed. Examples will be 
shown. 
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